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PREFACE TO THE FOURTH EDITION 

In the three and a half 3 ears which hate elapsed since the 
publication of the third edition the volume of papers dealing 
with endocrine work has increased rather than slackened A 
second important journal in Fnglish devoted solelv to endo 
cnnologj has recentlj commenced publication Numerous 
valuable monographs have appeared dealing with particular 
phases of the subject of these I hav e endeav oured to take full 
advantage The valuable sections on hormones in the 3 earl} 
volumes of the Annual Renew of Biochemistry and the new 
Annual Revieo. of Physiology have been of great service m 
directing attention to the chief papers in an overwhelming miss 
of literature 

In this edition the chapter dealing with the gonads has been 
verv largelv rewritten and an account of the endocrine control 
of reproduction can now be presented in completer form than 
can any other section of the subject The chapter dealing w itli 
tl c pituitary has also been considerablv rev ised and for the 
first time it is possible to report considered arguments in 
favour of a lesser rather than of a greater number of hormones 
of that important gland 

Fach of the other chapters has been reused to greater or 
lesser extent New advances of importance now reported are 
the preparation of synthetic lodoproteins with thyroid aotivitv 
the proved beneficial use of dihvdrotach} sterol in treatment 
of In poparath) roidism a clarification of clinical hvperpara 
th\roithsm the broadening of the conception of diabetes 
melhtus, the isolation of the hormones of the adrenal cortex 
with the determination of their chemical nature the demon 
strntion that gluthathionc produces the peculiar grow th effects 
attributed to thjmus preparations and the therapeutic use of 
implants of crjstalhne tablets of insoluble hormones 

Sev eral new figures hav e been added for w Inch due acknow- 
ledgment has been made m the legends attached to them I 
am much indebted to Dr John Parks of \\ ashington D C 
for further information concerning the case shown in Fig 43 
I am also greatl} indebted to Professors D I Thomson and 
J B Colhp for their kindness m allowing me to read their 
review of Hormones for the IQ-id Annual Hr tew of P/'r/sta 
logy prior to Us publication 

I wish once more to acknowledge the continued courtesv and 
co operation of Messrs J A A Churchill Ltd 

Winnipeg A T CAMFRON 
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litis \0U1me entrusted to me bs Messrs J & \ Churchill 
was commenced with some confidence was lontmmd with 
frequently some degree of bewilderment and lias been tom 
pleted with full realization of mans shortcomings 

Tor the bewilderment I do not apologize Although it is 
a new branch of science endocrinology fulls holds its own 
both for the multiphcit> of writings upon its many phases 
and for the complexity confusion and disagreements fre 
quenth found in its sast literature fins chaos has not yet 
gtsen place to complete order although order is emerging 
Endocrinology is essentially a biochemical subject to this 
extent The precise truth of its teachings depends ultimate^ 
upon the isolation of the different endocrine principles in pure 
crystalline form so that their physiological and plummet) 
logical properties mn\ be ascertained accurately Physiology 
biology onatomv pathology and clinical medicine hast tic nt 
their share in indicating methods of test whereby these prrn 
ciplos may be concentrated and finally isolated The isolation 
awd tl\c determination of tl\c chemical structure wr< > m each case 
biochemical and chemical problems The final problem the 
elucidation of the precise mechanism of the actions of these 
principles will require profound and prolonged biochemical and 
physiological study 

It would be impertinent of me a biochemist to stress or 
eicn to mention xm own views in dealing with the clinical 
asptets of endocrinology ^ et these clinical aspects arc perhaps 
the most important and must be dealt with I lime \cnturul 
to criticize the frequenth differing \ lews found in the literature 
only by selection ol what appear to be moit reascnibly logual 
find probable 

Marked ads ances in endocrinology has e been m tde during 
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the past decade Te\ts on the subject written ten \ears ago 
are now not onh aer\ incomplete hut arc on many points 
misleading 

Tlic title of this \ohnne suggests that some degree of selection 
of the mitcrml dealt with is permissible I Imc ne\ erthcless 
thought )t desirable to deal to some extent \\ ith all the actual 
and supposed endocrine principles The literature is too great 
to be adequately coscred by one person but I have attempted 
to mention all the important recent work on the phases of the 
subject that hue been considered to tbe end of 1032 I im 
aware of numerous gaps but completer treatment would base 
cnl irged the a olume too greatly 

l wish to thank all those authors editors and publishers 
w ho has c granted permission for the reproduction of the figures 
and photographs and whose names with the names of the 
journals concerned are cited in the corresponding legends My 
thanks are due particular!} to im colleague Professor illiam 
Bo}d for preparing for me the two photomicrographs on 
Plate I and to Dr Harry Medow for the photographs repro 
ducedmPig 18 

Dr A T Mathers Dean of this Medical Facult\ has been 
kind enough to read through the whole manuscript Professors 
William Bo) d and Gordon Fahrm have read the chapter on the 
Thyroid and Dr Lennox G Bell the chanters on the Adrenal 
and Pituitars Glands and the Gonads To all of these im 
thanks are due for much helpful criticism Miss Jean Guthrie 
has assisted with the proof reading and \ erification of the 
references 

I wish final! v to acknowledge my thanks and indebtedness to 
im former Chief Professor Sw nle \ mcent w ho introduced to 
me the fascinating realms of this subject and helped to dc\clop 
whatever critical ability I may possess 

V T LAMlllON 

\\ txNtrcQ 103J 



RECENT ADVANCES IN 
ENDOCRINOLOGY 

CHAPTER I 
INTRODUCTION 

Titf pre history of endocrinology is the story of gradual 
failure of detoxication theories to explain accumulating facts, 
demonstrable by experiment concerning certain ** ductless 
glands ” All such theories are not ex en y et unix ersally rejected 
The history of endocrinology as an exact branch of science 
scarcely antedates the present century , the name itself is 
still younger Until chemical studies progressed sufficiently 
to result in isolation of sex eral of the “ internal secretions,” 
and to emphasize the fact that these are specific compounds 
■with specific physiological functions, endocrinology was 
nebulous, and necessarily inexact Now that we know the 
chemical nature of some proportion of these internal secretions 
and something ot their physiological and pharmacological 
activities, it is possible to x tsuahze endocrinology as an exact 
science, or branch of science, inseparably related to physiology , 
pharmacology , and biochemistry 

It seems desirable to stress at the outset two fundamental 
concepts, xxliose truth though still unadmitted by numerous 
uu estimators, is becoming more apparent nith each advance 
2 he normal f unction of an endocrine gland is not a detoxication , 
but the production of one or more specific chemical compounds 
essential to the normal life of the tchole organism In the different 
pathological slates of such a gland it may produce too much or 
too little of these specific compounds, but it does not produce 
abnormal compounds 

The term hormone {from Gh hormon, rousing or setting m 
motion) originally proposed by Bayliss and Starling, has been 
unn ersally adopted for endocrine compounds, though in its 

StBOC i 1 
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original sense it scarcely applies to all of them Other suggested 
terms as chalone and auiacoul are no longer used Endocrinology 
(Gk etulon, w ithin , \rmetn, to separate) is generally accepted as 
the name of that branch of science which concerns itself with 
the hormones, while the glands concerned are endocrine glands, 
and their M internal secretions 11 arc endocrine secretions 

Uhc terminology applied to the hormones themselves is 
gradually becoming simplified and more definite, as these 
compounds are gradually being obtained m pure crystalline 
form There is still too great a tendency to com new names to 
avoid those employed by the larger pharmaceutical companies 
Many of these firms are now employing the scientific names, as 
well as those they use for patent purposes The physician, is, 
therefore, more easily able to apply Ins own knowledge to the 
selection of his therapy 

Hormone production is associated with the thyroid, para 
thyroid, pituitary, and adrenal glands, the islet tissue of the 
pancreas, the mucous membrane -of the upper part of the 
intestine, and the gonads The thymus and pinenl probably 
produce hormones Various claims ha\ c been made for others 
to winch short reference will be made 

By far the most perplexing problems m endocrinology arc 
those concerned with the interrelationships of the actions of 
two or more endocrine compounds Such interrelationships 
cannot be dealt with very systematically , they intrude into 
the majority of discussions of clinical cases exhibiting endocrine 
disturbances , they e\ cn intrude when normal functions arc 
under consideration They have suggested a multitude of 
syndromes, involving much unnecessary differentiation, the 
inaccurate conceptions underlying many of these suggested 
sy ndromes have led to much inaccurate therapy 

Therapeutic treatment is not stressed in this v olume, although 
I endeavour tliroughout to indicate the logical treatment in 
light of present knowledge If the assumption be true, as I 
believe, that almost all endocrine disorders are primarily 
associated with either hvpo or hyperfunction of only one 
endocrine gland, then this logical treatment seems obviously to 
consist m the application of replacement therapy for hypo 
function and application of some means of depression for 
Uvperfunetion of that gland 
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Rational replacement therapy must alway s take into 
account the fact that only two or three endocrine principles 
have been definitely demonstrated to be effective when 
administered bv mouth Our knowledge of the actual nature 
and of the actions of the others creates a demand for properlv 
standardized concentrates suitable for injection and such o- 
demand should before long be met for all of them Only such 
properly standardized preparations should be employed 

Replacement treatment by grafts has proved to be only of 
transient benefit Claims hav e been made that suitable cultures 
of endocrine glands gn e better results when engrafted (4) but 
such procedures are obviously tedious 

A useful addition to methods of treatment is the implantation 
of crystal pellets (suitably sterilized) of potent hormones A 
single implant can produce a desired effect for weeks The 
method has proved of service with the hormones of the gonads 
and the adrenal cortex The essence of the method consists in 
selecting material of very slight solubility so that tablets of 
insulin fairly soluble are useless for the purpose (2) though the 
injection of insoluble protamine zinc insulin aehiev es the same 
purpose in much lesser degree 

Surgical treatment is an obviously correct procedure for the 
majority if not all conditions in which a hyperfunction exists 
Claims for employment of X ray therapy are frequent the 
relative benefit to be obtained from it and the tyqies of case 
which will obtain most benefit have not yet been fully 
established 

The correct therapeutic dosage of endocrine preparations is not 
a subject for generalization but rather for individualization 
It is not possible xn this v olume to do much more than indicate 
some of the manv potential errors which may arise m connection 
w ith dosage 

IN here pure endocrine principles or active derivatives arc 
available such as thvroxme or crystalline insulin then dosage 
can be based upon specific amounts of them But if the 
treatment be in the nature of replacement therapy each 
individual requirement must be different for the amount of 
non functioning endocrine tissue whose normal output has to 
be replaced differs in each patient This is illustrated by 
Collip s principle of imerse response (1) which he defines 
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“ The respotisn eness of an mdiv idual to administered hormone 
vines inversely with the hormone content or production of the 
individual’s own gland ’ Tins dictum aptly illustrates the 
impossibility of accurate dogmatism in endocrine therapy 
Lven when total replacement is necessary, as, for example, 
following total thyroidectomy, the requirements of individuals 
will be related to their bodv volume or body surface, or both, 
while sex and age will also modify them 

When such pure preparations are not available, not only is 
accurate standardization necessary, but a correct basis of 
standardization The same weight of desiccated thyroid may 
giv c v ery \ amble results if different preparations ate at different 
times giv cn to the same patient Thyroid should he standardized 
According to its iodine content- — it now frequently is 

Precision of dosage of preparations from the anterior pituitary 
is and will remain difficult, till complete separation of the 
hormones of that gland has been ichiev cd , at present all such 
preparations are mixtures of several hormones tn uncertain 
amounts 

Pratt, some venrs ago, published a thoughtful paper on this 
subject of dosage in endocrine disorders (3) He pointed out 
that the necessity of considering each jndiv idual separately is 
by no means limited to endocrine therapy , and that the ordinary 
dosages prescribed for such established drugs as digitalis, 
arsphenamme, the belladonna group and sedatives frequently 
produce very \ arying, and sometimes dangerous consequences, 
so that it is not surprising that precision of dosage is still not 
possible for the much newer endocrine compounds He laid 
down the obvious but too often neglected dictum that the 
reactions of the tndiudual patient to any therapeutical agent 
should he the criteria for the final determination of the manner and 
amount to he administered It is equally obvious that error on 
the side of low dosage is the safest error 

Two of Zondek’s fundamental hypotheses {3) may well be 
quoted here , the first also has a bearing on the variation of 
dosage for different individuals and for the same individual 
at different times “ Hormonal effect is not an absolute but 
a variable quantity, depending not least upon the momentary 
condition of the organ on which it acts — more especially, the 
phystco chemical condition of its cells Functional and 
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anatomical changes in endocrine glands should not always be 
regarded as the cause of disease, but in many cases the reaction 
of the glands to morbid processes located in certain other 
organs.” 

Complete knowledge of the chemical constitution of certain 
hormones has led to attempts to improve upon nature. 
Oestradiol was produced in the laboratory and shown to be more 
potent than the natural oestrone, but, later, oestradiol was 
pro\ed to be the true hormone of the ov an . Desox} cortic- 
osterone was a laboratory product before it was isolated from 
the adrenal cortex In those two cases nature was ahead of 
man’s efforts More recently Dodds and his collaborators have 
found synthetic oestrogens unrelated chemically to those 
produced in the o\aries (cf Chapter VII) and this type of 
research holds promise 

It is perhaps desirable to add a paragraph on the order in 
tchich the endocrine glands have been dealt uitk in this volume 
It is possible that in one or two decades the logical order will 
be to commence with the pituitary, since, if the current trend 
of scientific discov ery persists, proof seems likely that through 
its various hormones the pituitary controls all the other 
endocrine glands Such treatment, ev en w hen logical, will not 
be easy, since in order to understand the actions of these 
different pituitary hormones it is necessary' to know something 
of the other glands which they control, and the hormones vv inch 
these secrete It is at present easier to deal with these other 
glands and their hormones first, although, now and again, it 
will be necessary’ to anticipate their relationships with the 
pituitary’, and even occasionally to duplicate pertinent matter 
This method of treatment has been adopted 
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Introduction 

Rfsllts of netne investigations m every phase related to 
the thyroid arc continually being published It is possible to 
present a connected picture of its mode of secret 100 the nature 
of the compounds it elaborates the action of its principle, and 
the diseased conditions associated mth malfunction of the 
gland All the details of the picture cannot jet be presented 
A number of problems related to tins gland continue to elude 
solution 

Thyroid function is so associated with the biochemistry of 
iodine that it has seemed desirable to introduce a section dealing 
with certain aspects of that subject 

The most important recent advance concerned with the 
thy roid links it \ ery definitely to the pituitary and an account 
of that viorh must he deferred to chapter VIII 
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The Normal Structure of the Thyroid Gland 
The general views concerning the macroscopic and micro 
scopic structure of the thyroid gland are still in great part 
those expressed by Sharpe} Schafer in 1924 (312) “ The 

thvroid consists of small dosed v esicles of \ ary mg shape, but 
for the most part spheroidal The largest are about 0 1 mm in 
diameter, but man} are much smaller than this Each 
l esicle is lined with epithelium the cells of which are columnar, 
cubical or flattened m accordance With the state of distension 
of the vesicles There is no definite basement membrane 



lie 1 Top and Ride view of wav model of normal human 
thyroid gland (From ItienhofT Iff din nr 1031 x 203 ) 

separating the epithelium from the connecting tissue and 
blood vessels The vesicles are generall} filled b} the so called 
colloid, a viscid fluid in the fresh organ which is coagulated 
into a solid substance b} fixative agents The inters esicular 
substance is areolar tissue containing in parts many small cells 
Some of these are lymphocites winch maj be accumulated 
in considerable masses whilst others are like the epithelium of 
the vesicles, although the identit} has not been established ’ 
Rienhoff (29 1) from an accurate stud}, including injection 
experiments and a reconstruction of the th}roid gland (cf 
Fig I)* concludes that the lymphatic system of the gland is a 
closed sy stem, playing no rdle in the transmission of its hormone 
Jackson (170) has studied the shape and size of the human 
thyroid follicle both m health and disease, using 75 per cent 
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hydrochloric acid as a special macerating fluid Rather small 
follicles measuring m length from 0 05 to 0 12 mm predominated 
in both normal and pathological material The length of the 
largest normal follicle measured was 1 2.H mm Each gland 
showed considerable variation m the size of its follicles The 
average length was 0 163 mm Cooper (76) from a histological 
stud) of human thyroids at different periods of life, has drawn 
a number of definite conclusions During earl) foetal life the 
gland is developing vesicles from solid epithelial cell masses 
through the intermediate stage of branching tubules In later 
foetal life the epithelial cells become active and colloid is 
secreted and stored m the vesicles \ esicle formation and 
colloid storage increase until birth Then the gland rests for 
some weeks, using up the colloid already stored It then 
exhibits renewed activity Secretor) activit) is marked 
throughout infancy and childhood and so is absorption a 
small reserve of colloid is always present At puberty the gland 
exhibits its greatest activity, and colloid storage is minima] 
Subsequently the colloid store gradually increases and the 
gland is comparatively inactive throughout adult life with 
perhaps a slight increase in actmt) towards the fiftieth year 
In old age the gland gradually retrogresses yet the thyroid of 
the aged, though reduced in size and weight still shows typical 
individual secretory elements although collectively their 
appearance suggests reduced activity Such a conclusion is m 
agreement with the very slow decrease in basil heat production 
which is continuous after the age of forty or fifty Joll (174) 
has expressed doubt as to whether all Cooper s conclusions are 
fully justified from study of a limited amount of post mortem 
material Doghotti and Nuti (89) from a careful study of 
thyroids of patients d) mg after sixty fix e years of age conclude 
that there are profound structural modifications in the thyroid 
of old age (sev enty to eighty y ears) — diminution of colloid and 
hypertrophy of epithelium, indicating an augmented thyTOul 
secretion of a compensatory character 

Cooper stressed the striking resemblance histologically, of 
the gland of the human adolescent to that regarded as 
characteristic of Graves disease Abbott (3) has reported 
that in young laboratory animals the gland normally appears 
hyperplastic He has made an exhaustive comparative study 
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of the thyroids of domestic and wild animals in Western 
Canada (4) His findings for normal glands are in general 
agreement with those of Cooper In the younger animals 
phjsiologicallj hyperplastic active glands are the rule The 
characteristic picture shows small acini and little colloid As 
the animal grows older, the acini tend to become larger and 
colloid increases m amount In old animals there is still more 
colloid, the cells tend to become flattened, interacinar fibrous 
tissue is increased and “ the generalized picture is one of a 
gland past its prime, sluggish, and gradually declining to decay 
and death ’ 1 

Baillif(372) has presented evidence from the study of 
thyroids of rats subjected to the stimulus of cold that the 
intcrfolhcular epithelial cells (characterized bv a cytoplasm 
filled with lipide granules) are capable of producing new 
follicles whenever stimuli activate the gland 

Of the non pathological factors influencing the gland it is 
known that diet can produce a slight but definite change 
Again during pregnanev the thyroid follicles of the guinea 
pig increase in size and number and show increased colloid and 
definite hyperaemia and karyokinesis Towards the end of 
pregnancy the thyroid is rich in interfollicular epithelial 
islands , after birth of the young these decrease The results 
suggest a hyperplasia during pregnane}, and probably an 
increase of tityro/d function (345 ef 4i) In female rabbit v 
coitus causes a rapid and almost complete removal of colloid 
from the thyroid follicles with parallel increased function of 
the follicular epithelium (coitus leads to ovulation m these 
animals) During pregnane} of these rabbits colloid is again 
stored (190) 

The resemblance of the histological picture of the adolescent 
gland to that seen in the th} roid of Grav es disease has been 
mentioned (cf p 8) The ph} siological changes in size of the 
gland, brought about b} seasonal changes in temperature 
evoking increased or decreased heat production (cf p 80) are 
accompanied b} histological changes Somew hat similar altera 
tions occur in the thy roids of women during the menstrual cy cle 

1 Hoar in a recent stud} of the thyroid gland of the Atlantic salmon 
has shown that in the smott stage it presents a hyperplastic appeamnee 
and that later it changes to a state resembling that of colloid goitre (390 v) 
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Since under normal physiological conditions the thvroid can 
present such different pictures it is obv ious tliat too great a 
differentiation of thyroid histology m pathological states may 
lead to error 

The blood supply of the thyroid is of considerable importance 
m studying its pathological changes Besides the four mam 
arteries (the paired superior and inferior thy roid arteries) and 
the occasional fifth (thy roulea ima) there are numerous unnamed 
irregular arteries small in size under normal conditions hut 
capable of great enlargement m goitrous conditions , they arise 
chiefly from the pharyngeal oesophageal and tracheal arteries 
Beneath the true capsule of the gland there is a nth arterial 
anastomosis The \ems commence as a perifollicular plexus 
and follow the small arteries to the periphery of the gland there 
do eloping into a plexus coienng the w hole gland The ffner 
lymphatic radicles ore present in intimate association with the 
follicular epithelium and a plexus exists around each follicle 
By their muon a coarser network is formed with ultimately, a 
close meshed anastomosis cm eloping the whole gland (cf 
Joll (174) ) 


Iodine Distribution in Nature 

Since it is non generally agreed that the function of the 
thyroid gland is hound up with the elaboration of a specific 
compound containing a high percentage of the element iodine, 
and that insufficiency of iodine m the diet is one of the chief 
factors associated with simple goitre, knowledge of iodine 
distribution m nature and m diflcrcnt foods is indispensable 
to correct interpretation of studies of normal and pathological 
thy roid function 

Data concerning the distribution of iodine in plants and animals, 
based upon analytical methods then available, were summarized in 
1014-15 as follows Iodine is an invariable constituent of all 
marine nlgne The limits observed in reliable analyses are 0 001 
and O T per cent (dried material) 

Land plants contain s ery much less iodine although it is widely 
distributed, in them The marked difference between fresh* 
water phnts and icgetables on the one lund and marine algae on 
the other, is due to difference in iodine content of the enuronment, 
and therefore the diet of the plants 

“ 4.U sea species of animals contain iodine As advances in 
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evolution are made, there is more differentiation and probablj less 
total iodine in the whole organism 

Of sertehrate tissue the thyroid alone is of importance in 

T\ble I 

Distribution of Iodine in Nature 


Iodine Content 


Rocks (Lnropc) — 

Tertiary 
Challt 
Jura 
Trias 
DQnvlnni 
Sedimentary 
Granites Shale* etc 
Soils (SwltaerUnd) 

(New Zealand) 

Sea water Mediterranean 
LngUfth Channel 
Atlantic 

F»elnc toB f Z ) 
(oBtalll) 
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Drinking waters (ISA) 
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Atmosphere (per evbte metre) 
Rock aalt (Sew Zealand) 
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Fung) 
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Fruit* 




Marine algae (dried) 

Marine animals — 

Molluscs (L^ A waters) 
Crustaceans (U.B A waters) 
Bottom fauna (off S orway) 
Fish (L-S A waters) 
Telenets (oil Norway) 
Arsadromous fifth (L-9 A ) 
(Cod User oil trade) 

Fresh water Bsh (ISA) 

(Swlticrland) 

Land animal produrts — 
llilk (SwltaerUnd) 

Butter 

Batlerfat 

Beef 
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Iinman blood 


0-0-0* 

0 12-03 0 
0 OOOt-O-0251 


0 30- 095 
0-15- “-0 
1000- 00 000 

1 5-13 7 
09-138 
100-33(1 


Kerens Benson Carter 
51 cCJe adorn 
Cameron 
McClendon H at 
Kerens, Benson Carter 
r Fellenberg 


(52 149 220 ) 
Tressler and Wells. 

Londe ( 10) 
Trtssler and Wells 
lainde (*10) 
Treasler and Well* 
v Fetlenberg 
Tresaler and Well 
r Fellenberg 



12 THYROID GLAND AND IODINE METABOLISM 

connection with the storage of iodine The limits in the amount 
found in (desiccated) thyroid nrc 0 01 and 1 1C per cent 
Other tissues in m vmmals contain Uss than 0 001 per cent 1 (52) 

For our present more exact and complete knowledge of 
iodine distribution we are largely indebted to the micro 
analytical procedures perfected by ton Fellcnberg, and the 
similar procedures devised by McClendon and by Hercus and 
Roberts, and the results obtained with them by these 
investigators and others of whom Lunde, a pupil of von 
Fellcnberg must especially be mentioned Lunde has published 
an excellent comparative study of the different methods 
and their numerous modifications for analyses of different 
materials (212) Numerous modifications have been suggested 
m recent vears but cannot be dealt with here 

The table on p II, summarizing the most important of 
such results, is based chiefly on a rev lew by McClendon (224) , 
references to authorities cited are given in this review unless 
otherwise indicated All values are m terms of “gamma” 
units (micro grams, millionths of a gram) per 100 grams of 
material, if solid, or per 100 c c if liquid , they refer to fresh 
materials unless otherwise stated 

According to v Fellcnberg the iodine content of soils is 
much higher than that of rocks which by weathering, have 
produced these soils (224) He concludes that the soil receives 
iodine from water percolating through it, such (ram) water 
obtaining its iodine from the atmosphere He has shown that 
the soil, and also sea water, will giv e up iodine to the atmosphere 
(sea water at the bottom of a desiccator loses 8 per cent of its 
iodine in twenty six day s) (cf also (29) ) 

The iodine content of plants is governed to some extent by that 
of the soil in which they are grown, although it has lieen shown 
that potatoes grown in the same area and in identical types of soil 
may exhibit large variations in iodine content (288) The immediate 
influence of the sea (through seaweed fertilizers and sea-sprays) does 
not extend beyond s very narrow coast belt (288) (According to 
v Fellcnberg and Lunde (210) plants, such as lichens, with 
relatively high iodine content, inhale " iodine from the 
atmosphere ) 

Lunde lias dealt with the circulation of iodine in nature, and 
the following schema represents his considered views (210 211) 
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In it the mam channels of iodine mosement are represented bv 
thicker lines 



Such a scheme undoubted!} represents the most important 
facts , certain details may be inaccurate For example, 
Remington has criticized the view that air borne iodine plays 
anj considerable t61c (280) 

The cycle as far as man and (to a lesser extent) the domestic 
animals are concerned is frequently altered by man himself 
through utilization of food material from wide sources and 
recently through deliberate selection of iodized material 
Modify ing Lunde s scheme including man it can be written — 


— ► (Atmosphere) 
— ► Land Plants — 
Land Animals 


* Milk— 


► (Marine Plants) - 

► (Marine Animals) ► 

► Spring or Rn er W ater *■ 

► (Crude or Iodized Salt) *■ 


► Man s Diet — Man 

Alan s Excreta 

J 

Soil— ► 


(Selected food material or sources of negligible importance 
are shown in parentheses ) 

Iodine is present in measurable amounts in all human 
and other mammalian tissues Endocrine glands (with the 
exception of the testes and pancreas) contain relatively more 
than non endocrine tissue Of the total amount in the organism 
one half to two thirds is in muscular tissue one fifth to 
one-tenth m the th\ roid (32a) The n\ erage iodine content for 
certain tissues of six adult women was in gamma per cent 
heart, 53, lner 57, spleen 01 adrenals, 112 , o\anes 741 
The a\ erages for tissues of a number of new bom infants were 
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heart, 12, liver, 17, spleen, 29, thymus, 40, ovaries, 138, 
thyroid, 2S0 (185) 

The most accurate figures for normal human thyroids are 
still those of 7unz (371), whose \alues for fresh glands of adult 
men from nineteen to forty four years of age were extremes, 
0 023 to 0 008 per cent , mean 0 056 per cent The correspond 
ing figures for dried glands were extremes, 0 119 to 0 281 per 
cent , mean, 0 229 per cent 1 

The Distribution of Iodine In the Thyroid Cland The 
outstanding work determining the distribution of iodine in the 
gland is still that of Tatum and Van Dyke Tatum devised 
the method (332) which consists in floating sections of the 
frozen thyroid on Ringers solution whereupon the colloid 
material drops out of the acini and apparently dissolves in the 
solution The cells arc centrifuged off dried, weighed, and 
malvsed for iodine The distribution of iodine between cells 
and whole gland is obtained by comparable nnaly ses of control 
pieces of whole gland 

Tatum found that iodine js present both in the cells and 
colloid of beef sheep, and pig thyroid glands, the ratio of 
percentage of iodine in cells to that in whole gland being 
relatively constant in the majority of cases varying between 
0 3 and 0 45 Van Dyke (343) found ratios for dog glands 
\aryjng from 0 1 to 0 2 and for the majority of human glands 
(abnormal from operatise eases) from 0 1 to 0 4 Both agree 
that the ratio is relatively constant for any one species, despite 
great variations in morphology and iodine content (Cf also 
Behrens (22) ) 

The Iodine Compounds of the Thyroid Gland 5 

Three compounds containing iodine can be obtained by 
tliflerent chemical procedures from the thyroid gland these 
are lodothy roglobuhn, dnodotyrosme and thyroxine The 
first exists as such in the gland , the free existence of the 
others is unlikely 

* The human thy mid gland in Iceland is unusually small and corre 
spondingly is unusually nth in iodine averaging 0 033 per tent in fresh 
tissue The high iodine intake from a diet rich in iodine n presumably 
the cause (411) 

•Blanchard Pfnau and Jumonnet (27) and Ilarington (140) lime 
[uMished monographs which give a full account of the chemical and 
{ hnrmaco dynamical properties of these compounds 
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Iodothyroglobulin was first isolated from thyroid tissue bv 
Oswald m 1899 His method — extraction of fresh glandular 
material with normal saline, and precipitation of the globulin 
b\ half saturation w ith ammonium sulphate — is still a standard 
procedure, and little has been since added to the studies of its 
properties by Oswald himself, by Jsurenberg (1909) and by 
others of that period (for the literature, see Kendall (179) ) 
Iodothy roglobulm can be readily purified b\ dissoh mg it before 
it dries in normal saline, reprccipitating with ammonium 
sulphate (repeating these procedures once or twice) and then 
dialysing free from salts It can be precipitated by alcohol 
and dried by washing with alcohol and ether , this treatment 
denatures it , it becomes insoluble in water 

Slight modifications ha\e recently been suggested, permitting 
greater rapidity of purification and possibly greater purity and 
less denaturation(18, 63 144a) The thvroglobuhn of thyroid 
desiccated at a sufficiently low temperature remains largely 
undenatured, and can be extracted b\ cold water (142) 

After dialysis thvroglobuhn remains in solution in water, 
requiring addition of excess of alcohol for precipitation It 
thus appears to be a pseudo, rather than a true, globulin 
The dialysed solution is either neutral or just acid to litmus 
It is not coagulated on boiling, but coagulation occurs at once 
on addition of a little acetic acid or sodium chloride solution 
to the boiling solution Its solutions gne a positive test for 
tryptophane radicals, and markedly positne Millon s and 
Mohsch’s tests (167) 

Pure thvroglobuhn is a white amorphous powder Its 
composition appears to be constant except for an iodine 
content x an ing from 0 to 1 7 per cent Successn e extractions 
of the same thyroid material y leld preparations w ith diminishing 
iodine content, suggesting that the thvroglobuhn present is a 
mixture of molecules containing different amounts of iodine 
(167) 

AN hite and Gordon (360) ha\ e recently analy sed a pure 
specimen containing 0 75 per cent iodine, 1 46 per cent sulphur, 
and 15 08 per cent total nitrogen the h\drolysate contained 
in per cent histidine 0 62 argmme 8 22, lysine 1 93 glutamic 
acid G 5G, aspartic acid 1 59 tyrosine 3 17, tryptophane 1 80, 
cy stine 2 05, and proline 4 47 
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The amount present in the thyroid vanes considerably 
Wiener (1009) found that fn e dogs’ thyroids contained amounts 
(based on drv weight) \arjmgfrom 34 to over CO percent (It 
is doubtful however, if the higher figure is correct ) 
Duodotyrosine was isolated by Drcthsel in 1890 from the 
horn} axial skeleton of a gorgoman coral Its constitution 
was established b> Wheeler as 
I H 
/ C ~°\ 

H — O — C C— CII 2 — CII(NH,)— COOH 

Xs c=c y/ 

I H 

It is a dextro rotator} colourless crystalline compound 
containing 58 7 per cent of iodine It is only \er} slight]} 
soluble m cold water (1 part in 847 at 15° C ) but recr}stallizes 
from hot w ater in needles resembling cr} stalhne tyrosine It is 
c isil} soluble in dilute ammonia alkalies and acids It gii es a 
positive xanthoproteic but a negative Millons test Silver 
nitrate precipitates it, but does not split off iodine from it 
Oswald (1910-31) could onl} isolate it from gorgonm of coral 
and spongm of sponges to the extent of 7 and 15 per cent of 
the total iodine content of these materials respectiv ely 

The iodine of sea weeds seems to be parti} m organic 
combination as duodotyrosine radicals (149) 

^ arious early attempts to isolate duodotyrosine from the 
products of h} drol} sed thyroid gland material faded Harington 
recently succeeded in doing so (142) while Foster has obtained 
it from h} drol} sed thyroglobulin (107) and Harington has 
obtained it in the optically active dextro form by enzymic 
h} drol} sis of th}roglobulm (142) 

Thyroxine was isolated m crystalline form bv Kendall on 
December 25th, 1914 (179) Misled b} a slight analytical error, 
due npparenti} to some degree of volatilit} of the compound 
during fusion for iodine analysis, he regarded it as a partial!} 
oxidized tryptophane derivative containing an indole nucleus, 
and according!) termed it “th}ro\m ’ from ‘ thyroid o\) 
indole " 

In 1920-28 Harington, by a brilliant series of researches, 
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demised methods by which thyroxine could be obtained from 
thyroid material in much larger amounts, and completely 
established its constitution (138) The final proof of sy nthesis 
was furnished by Harmgton and Barger (141) Thvroxine, 
C u H n 0 4 NI t , is a derivative of dnodotyrosme and an 
alpha ammo acid containing 65 3 per cent of iodine 1 — • 

r H I If 

/ c ~ c \ / & ~ c \ 

HO— C C— O— C C — CHj — CH(NH,) — COOH 

^c=c // 

I h r ir 

Prepared from thyroid tissue, or svnthetized it is optically 
inactive Hanngton resolved it into its active dextro and 
laevo components (138) laev o thyroxine possesses greater 
physiological actn lty Proof that this hev o thyroxine is the 
actual form of the compound elaborated in the thvroid was 
obtained by its isolation from the enzvmic digest of lodothyTO 
globulin (143) Successive treatments by pepsin and trypsin 
followed by adequate chemical treatment gave a brown powder 
containing somewhat ov er 30 per cent, of iodine This was not 
affected by erepstn , it proved to be a mixture of some free 
thyroxine and a larger amount m combination as a tn or 
tetra peptide The latter is strongly resistant to enzymic 
hj drolysis 

Crystalline laevo thyroxine melts at 235° C with decom 
position Its specific rotation (5 per cent concentration m 
2 1 alcohol N iSaOH) is [x] 51gl =—38° (Cf also 384 ) 

In the course of his researches Hanngton prepared thyronine 
(C 15 H is 0 4 X, thyroxine without iodine), dnodothyronine (with 
only half the iodine of thyroxine) and dibromo and tetra- 
bromothyTonme (the corresponding bromine denvativ es) 
The physiological properties of these compounds have an 
important bearing upon certain theories concerning Graves 
disease, 

1 Harmgton’s chemical procedures have been fully described in various 
monographs (140 27,144 280) In 1026 Dakin also proved that thyroxine 
was a dem ativ e of tyrosine and drew similar conclusions as to its constitu 
tion , on learning of Hanngton s work he withdrew his results which had 
already been submitted for publication (141) 
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The Amounts of Iodothyroglobulm Thyroxine, and Diiodo- 
tyrosine In Thyroid Tissue, compared with its Total Iodine 
Content Kendall (170) states tint no iodine is present in 
inorganic combination in normal thyroid tissue (although it 
may be present in that of pntic nts to w hom iodide or Lugol s 
solution has been recently administered) All or practically 
all the iodine of dogs and hogs thy roids is present combined 
in thy roglobulin and evidence is steadily accumulating that 
thyroid tissue contains no appreciable quantity of any other 
iodine compound (20 215) even after iodide has been 

administered (176) 

A definite separation of the other two organic iodine com 
pounds is effected by acidifying the alkaline hydrolysate of 
thvroid tissue or lodotliy roglobulin Thyroxine is precipitated 
dnodotyrosuie remains in solution Hnnngton is of the opinion 
that no other organic compound of iodine is present in the 
hydroU sate 

If as Haring ton and Barger logically deduce thyroxine 
is formed in the thyroid from tyrosine through the stage of 
dnodotyrosuie then a varying ratio between the amounts 
of the two may be expected Hanngton and Randall found 
them about equally distributed In the thy roids of horses the 
ratio of thyroxine iodine to total iodine xanes from 28 to 
60 per cent (28) in adult human thyroids it averages 29 per 
cent (199) and m those of new bom infants 20 per cent (101) 

henger showed long ago that the iodine content of the 
domestic animals m the United States exhibits marked 
seasonal variations such variations scarcely^ occur in British 
animals (179) but have been reported for \ustrahan sheep (83) 
A eorrespc ndmg v ariation exists seasonally m the thy roxinc 
content of hogs in the United States (179) 

All tl ese v anations are comprehensible if one recollects that 
the iodine available is that provided by the diet varving in 
different areas and at different times m the same area that 
variable amounts of dnodotyrosuie radicals must therefore 
result and that it is improbable that any fixed proportion of 
these is transformed into thyroxine further that the thyroid 
is depleted in widely v arying degrees of its principle (and there 
fore of thyroxine radicals) by the response of the organism to 
euxironmental changes 
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Cavctt(G3, 62) has studied the (Van Sly ke) nitrogen distnbu 
tion, and the tyrosine and tryptophane radical contents in 
normal and goitrous human thyroglobuhn His results indicate 
that with the exception of tyrosine, thyroxine, and dnodo 
tyrosine the ammo acid radical distribution in the thyroglobuhn 
molecule is the same, whether it is obtained from a normal 
colloid, or adenomatous gland or a gland from a patient with 
Graves* disease His data seem to indicate that tyrosine 
radicals, present at certain points m the protein molecule, are 
capable of conversion to duodotyrosme and thyroxine Tins 
process is interfered with in goitrous glands, especially as regards 
formation of thy roxtne radicals 

Thyroglobuhn from colloid glands of untreated patients is 
v ery deficient in radicals of the iodine containing amino acids 
while its content of tyrosine radicals is proportionately greater 
After treatment of cases of to\ic adenoma and of Grarcs 
disease with Lugol s solution the duodotyrosme radical content 
is increased ev cn to amounts abov e normal, that of thvroxinc 
radicals is less affected, and the content of tyrosine radicals is 
proportionately decreased 

Synthetic Jodo-Proteins and Thyroid Activity 
When iodine is allowed to react with solutions of such 
proteins as egg white and casein it combines w ith the protein 
molecule Oswald, by hydrolysing such iodised proteins 
obtained amounts of duodotyrosme of the same order as from 
gorgonm and spongin (cf p 16) but Ingvaldsens experiments 
on determining recov ered duodotyrosme from addition of Knou n 
amounts to protein material suggest that all such figures arc 
too low (167) 

Since the discov cry of thyroxine a number of attempts ha\ c 
been made to obtain from hydrolysates of iodized proteins, 
fractions exhibiting the biological activity of thyroid Abehn s 
work (5) from 1933 onwards has seemed to suggest that certain 
fractions do indeed exhibit such activity 

The experimental indication that thyToid activity parallels 
total iodine rather than thy roxme iodine (p 24) and Salter 
and Pearson s work stress the importance of such experiments 
Salter and Pearson (304 cf 409) digested human thyroglobuhn 
with pepsin, removed the thyroxine fraction and could find 



20 THYROID GRAND AND IODIRE METABOLISM 

no thyroid activity in the residual duoclotyrostne peptone 
Solution of this was concentrated and subjected to peptic 
synthesis, following W asteney s procedure An artificial 
protein was produced containing iodine and possessing 
properties akin to those of thyroglobulin It yielded an 
iodine containing fraction resembling thv roxme and it relieved 
myxoedema as readily as thjToglobuhn does 

Toster, Palmer and Lelnnd (384) consider that synthesis of 
protein was not truly effected in these experiments However 
some confirmation is afforded by the important recent work of 
Ludwig and von Mutzenbechcr (395) Thev have also been 
able to effect a peptic synthesis on peptic hydrolysates of 
thyroglobulm and of iodized casein the resulting protem 
exhibiting thyroid activity Moreover as will be seen they 
can prepare active material from duodotyrosme itself 

Ludwig and von Mutzenbechcr have shown that when 
proteins such as casern are allowed to take up iodine at low 
temperatures to the laturition point (100 g m of casein will 
unite with some 50 gm of iodine) the iodized protein shows 
little or no thyroid activity But when such experiments are 
carried out under conditions simulating those present in 
mammalian tissues (87° C and a pH between 7 and 9 afforded 
by bicarbonate solution) and the lodization is not allowed to 
proceed to completion compounds are produced exhibiting 
marked thyroid activity (as shown by effect on basal metabolism 
and by loss of body weight when administered to guinea pigs) 
Moreov er from hy droly sates of these comjxmnds both thyroxine 
and duodotyrosme can be isolated with ease although enzymic 
hydrolysis has in their hands so far not permitted the isolation 
of an optically active thy roxme 

They have obtained such results not onlv with casein but 
also with plasma proteins silk fibroin and edestin and indeed 
it would appear that any protein containing an appreciable 
number of tyrosine radicals should thus be able to form 
thyroxine radicals 

(In addition to thyroxine and dnodotyrosine thev have 
isolated from the digests mono lodo tyrosine a compound not 
previously known and have shown that it is easily convertible 
to tyrosine and to diiodotyTosine Its preparation from 
thyroglobulin has not yet been demonstrated ) 
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The authors state that their results indicate that at low 
temperatures lodization leads onlv to the formation of mono 
and dnodotyrosine radicals, but at higher temperatures 
oxidation processes are inv oh ed, v\ ith ether formation, and so 
thyroxine radicals are produced 

They find, further, that when dnodotyrosme is dissolved in 
one equivalent of 0 1 A r sodium h> droxide, and kept at 37° for 
one or two weeks, then diluted with 9 volumes of water, and 
sulphuric acid added to weak acidity, fine brown flecks separate 
These are dissolved in 2A r sodium hy droxide, and the solution 
is extracted with butyl alcohol From the extract, by appro- 
priate treatment, crystalline thyroxine has been obtained 

Hanngton and Rivers have already confirmed the important 
aspects of this research (389) They hav e been able to obtain 
100 mg of crystalline thyroxine from 100 gm of iodized 
casein The mechanism is not enzymic , boiled casern solutions 
also y leld thyroxine 

These illuminating experiments still leave a number of 
problems unsettled How do cold blooded animals produce 
thyroxine radicals ’ W hy, if conditions simulating those m 
mammalian tissues are so favourable to thyroxine formation 
is this formation limited to thyroid tissue in \ ertebrates ? (Of 
course, in these experiments elementary iodine is used, while 
the thyroid handles iodide ) It is also to be noted that the 
yields of thyroxine from hydrolysates of artificial lodoprotems 
are much less than those from thyroglobuhn 

The Essential Principle of the Thyroid Gland and its Path 
of Discharge 

Qualitatively, thyToxine satisfies all the criteria we can 
apply to decide what is the active principle of the thyroid 
Quantitatively, there is still doubt as to whether it does so 
In order to understand completely what is the function of 
the thyroid, we must know what compound it elaborates and 
what compound it secretes It is necessary to consider first 
the criteria of comparison that arc available 

W hen desiccated thyroid tissue is fed to normal animals, or 
thyTOidcctomized animals, certain definite effects are produced 
Since these include the restoration of thyroidectomized animals 
to normal condition, and their maintenance m that condition, 
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it may reasonably be concluded tlmt the essential principle of 
the gland withstands digestion and can thus be administered 
orally c fleets following such administration can alt be 
considered as directly or indirectly due to the action of this 
principle Comparison of the effects following oral adnnnistra 
tion of thyroid derivatives and thyroid fractions with those 
produced by desiccated thyroid itself is therefore a legitimate 
method for ascertaining the relatn e phy siological activ lty of such 
extracts m experiments designed to ascertain the nature of the 
activ c principle Such comparisons hav e been extended to include 
the results from injection of soluble dem ativ es such as thyroxine 

\ anous effects have been selected for basis of comparison 
Such selection has been critically reviewed by Kendall (179) 
In order of importance the tests av ailable seem to be (i) the 
effect of myxoedematous patients patients suffering from a 
definite and preferably a marked deficiency of the thyroid 
principle (a) the effect on oxygen consumption of small 
animals such as the rat (290) f (in) increase in the resistance of 
mice to acetonitrile ( 162 ) (iv) decrease in growth rate and 
production of organ hypertrophy in y oung rats (53) 
Amphibian mctnmorpliosis is frequently used for such com 
pansons but is not so specific Accurate comparntiv e studies 
with mv xoedematous patients have only recently been made 
and will be discussed last 

Results mth the Oxygen consumption Test Naturally occurring 
l thyToxme is about twice as potent as racemic thyroxine 
obtained from thyroid by hydrolysis with alkali Pure 
I thyroxine is according to Gaddum (113) less active than the 
mixture of thyroxine and thyroxine peptide which Hanngton 
obtained by enzvmic digestion of thy roglobuhn though Foster 
states (384) that the calongemc activ lty of thyroid is quantita 
tively accounted for by the thyroxine radicals it contains 
Thyronine (cf p 17) and dnodoty rosine are inactive Dnodo 
thyronine and tetrabromothyromne (bromothyroxine) onlv 
show slight physiological activ ity (IIS 143 142) Thy roxamme 
has no activity the ketomc acid corresponding to thyroxine 
has about three elevenths of its activity (57) 1 

1 Work by Neufeld in my laboratory {"63a) has shown that of all the 
tissues ip. the hody U yraiA col tains most btonune this however does 
not a; pear to be especially associated with the thyroglobulin molecule 
and its sign fleanee if any is not kno en 
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Results a nth the Acetonitrile Test Reid Hunt found that 
while with most species of animals the feeding of thyroid 
increased susceptibility to acetonitrile (methyl cyanide), this 
treatment increases the resistance of mice to the poison The 
cause of the difference between species has not been ascertained, 
but the effect on mice has been used extensive!} in studies of 
thyroid acti\ it} 1 

Using this test. Hunt showed that the activity of different 
thyroid preparations is closelv proportional to their iodine 
content, and demonstrated that comparisons based on equal 
iodine dosage were legitimate Results with the test on this 
basis have shown that lodothvroglobulin administered oralh 
has about the same actmtv as desiccated thyroid, but when 
its solution is giv en intrav enousl} it is w ithout action Duodo 
tyrosine shows onl} negligible activitv (366 846) Opticall} 
inactive (racemic) thyroxine, whether given oralh or Ultra 
v enousl}, is onl} about two thirds as active as thyroid (162, 
255) Since thyroxine represents at most only half of the iodine 
of the gland, and the remainder as dnodotyrosine is inactive 
we should expect that if thyroxine represented all the activity 
of thyroid m tests based on equal iodine dosage it w ould show 
greater activitv Nor does the difference in activitv between 
racemic and l thyroxine completely account for the discrepancy 

Results Kith the Rat growth Organ hypertrophy Test Thvro 
globulin appears to contain the full activ itv of the thvroid from 
which it is prepared Dnodotyrosine is inactn e The activ it} 
of thyroid tissue is not destroyed by the hydrolytic action of 
pepsm or trypsin M hen thyroglobuhn is hy droly sed by 
sodium hydroxide, and the hydrolysate acidified the insoluble 
“ thyroxine ” fraction shows an activ itv of the same order as the 
original thyroglobuhn, but the soluble “dnodotyrosine ’ 
fraction shows no activ itv Racemic thyroxine show s definitely 
less actmtv than thyroid containing the same amount of 
iodine (53) 

Results by Clinical and Other Procedures The feeding of 
lodothyroglobuhn increases the excretion of nitrogen and 
produces a foss of body weight in ammafs, and exercises the 

* Escamillo (383) has reeenttv reviewed the literature , he concludes 
from his own experiments with hyperplastic and other human thyroids 
that the reaction cannot be used as an aid to diagnosis of thyroid function. 
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same beneficial influence on myxocd c matous patients as does 
thyroid (270) Duodotyrovine has no effect m cases of 
myxoedema and cretinism (323) Thyroxine lias the same 
effect on such cases qualitatively as has thyroid itself (1"9) 
and Ilarmgtons thyroxine peptide has at least as great a 
quantitative effect (143) 

Recent Tests rath Mysoedematous Patients The results of 
Means Lermxn and Salter (240 201) and of Thompson and 
lus cO workers (333) derived from accurate ealorigeme studies 
based upon equal iodine dosage lead to the following conclusions 
Synthetic thyroxine m alkaline solution given orally produces 
70 to 80 per cent of the effect of the same dose given intra 
\enousIy and a much greater effect than when given orally in 
neutral suspension The effects of thyroid given orally 
and thyroxine given intravenously or subcutaneously are 
equal (835 cf 121) Thyroxine peptide (49 per cent iodine) 
is much more soluble than thyroxine and produces the same 
effect when given orally or intravenously Its effect is equal 
to that of thyroxine injected intravenously The calongcmc 
activity of whole thyroid depends on its total organic iodine 
content and not on its thyroxine content Tins suggests the 
paradoxical conclusion that dnodotyrosinc inactive in itself 
acquires ealorigeme properties when linked to other amino acids 
m thyroglobulin 

Furthermore Salter and Lerman (803) hav c shown that 
thyroglobulin from non toxic and from lodmizwl toxic goitres 
and the thyroxine peptide from either all hav e essentially 
equivalent activity in terms of iodine (cf Palmer and 
Leland (271) ) 

Summary of Results from Tests of Comparison There is 
agreement to the following extent Thyroglobulin and 
thyroxine polypeptide have the full activity of thyroid Pure 
diiodotyrosme is inactive 

There is a distinct discrepancy between conclusions from 
tests on animals and on my xoedematous patients regarding 
the relative activity of thyroxine The former suggest that 
it is less active than thyroid (and therefore thyroglobulin) the 
latter that its activity is equal 

27 e Act ne Pnncii le of the Thyroid Is this principle by 
which we must infer the compound secreted from the gland 
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into the blood, thyroxine, thyroxine peptide, or thyroglobulm 
itself? Evidence can be advanced in favour of each of the 
three Qualitatively thyroxine exhibits all the activities of 
thyroid Quantitativ ely its action is at least of the same order, 
and may be equal Thyroxine peptide is so resistant to enzyme 
action that when thvroid or thyroglobulm is ingested much of 
the resulting activity must be due to absorption of this peptide , 
evidence as to the mode of excretion suggests that no free 
thyroxine is absorbed from the gut following thyroid 
administration (18) 

On the other hand, the active iodine compound m blood 
behav es as if it is a protein (cf p 80) Anaphy lactic results 
obtained with guinea pigs sensitized to thyroglobulm show 
that at least some thv roglobuhn can be absorbed unaltered 
from the intestine (146 19), there is similar evidence that it 
can pass from the thyroid to the circulation (38) and the 
claim has been definitely put forward that it is the actual 
principle which is secreted (20) \et, while we know that 
insulin and other proteins with molecular weights of about 
35,000 normally pass across animal membranes it is difficult 
to believe that a globulin with a molecular weight of nearly 
700,000(225) can normally do so to an appreciable extent 
(Cf also p 27 ) 

Hanngton (130) has advanced a theory which would explain 
the activity of duodo tyrosine radicals in thyroglobulm He 
suggests that the actual principle is a polypeptide molecule 
with the structure 

(Thyroxine radical) — (Amino acid radicals) — (DuodoUjrosmc radical) 
Further w ork is necessary to test this theory , and it must still 
be emphasized that the exact nature of the thyroid hormone 
has y et to be determined 

The Path of Discharge of the Essential Principle Father 
studies of the secretory process have been reviewed by 
Marine (239) The recent investigations of Ludford and 
Cramer (208), Grant (128) Krogh Lindberg and Okkels (191), 
Sercnnghaus (800), XJhlenhtith (416), and others, h ate led to 
conclusions which while in general agreement with earlier 
theories, permit a clearer visualization of the actual mechanism 

Ludford and Cramer employed extreme cold as stimulating 
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facto? to the thyroids of epilated rats The others have taken 
ach antage of the now recognized thyrotrophie action of pituitary 
grafts or injections of specific pituitary extracts to contrast 
normal and \ery active thyroids in the amphibia .dm&fysfowia 
Jeffersonmm and opacum the duck, guinea pig sheep and 
Rhesus monkey Sex eringhaus paper presents a critical 
summary and permits the following conclusions 
The secretory cells of the thyroid pass through phases of 
activity and rest They may secrete apically into the adjacent 
acinus or basally into the blood stream and they also normally 
transport Stored secretion from the acini to the vascular 
channels at their basal borders 
As n result of undue and prolonged stimulus these chief cells 
1 ccomc exhausted and may degenerate to Longendorff colloid 
cells In the thy rod of the duck (and j robably of otl er birds) 
atrophy of these Longendorff cells produces at their sites direct 
channels of communication between follicular lumen and peripheral 
Circulation and (emergency) release of follicular material secondary 
to the normal intraref/ular transmission The latter is j ractically 
the sole procedure in other an mats 

Formation of secretion is evidenced by cellular enlargement 
and formation of intracellular colloid vesicles the Golgi 
apparitus enlarges to a prominent network tending to move 
upload} from its resting position applied to the nucleus 
humorous fuclisinophilic granules are seen in this apical 
region and perhaps may be actual antecedents of the colloidal 
secretion The latter appears first as droplets in juxtaposition 
to the Golgi apparatus In normal resting glands these may be 
passed apically to the lumen of the adjoining acinus In 
hyperactive glands whose colloid content has been discharged 
they tend to move basewards to be excreted directly into the 
blood 

The Golgi apparatus retains its apical position whether the 
cell be secreting or transporting colloid but does not enlarge 
during transport of material Thus its size giv es some clue to 
the action in progress at any given time permitting conclusions 
as to whether droplets are newly formed or merely in transport 
During transport from the acini the apical region of the cell 
expands to become dome shaj ed The mitochondria increase 
m number and size Numerous intracellular colloid vacuoles 
are present, and may be conspicuous in the basal region 
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Grant considers that non staining and staining materials 
are probably different stages of the secretory product Freshly 
formed secretion and secretion in process of passage through 
the cell membranes are probably non staining, while within the 
cytoplasm, or within the lumen of the acinus, the secretion 
acquires ehromophihc properties Sev ennghaus suggests that 
the degree of staimng may be due to the degree of colloid 
“ concentration ” or “ dilution,” “ dilution ” being necessary 
for transport through either apical or basal cell membranes If 
these terms be allow ed to connote chemical as well as physical 
changes, both passage through membranes and difference in 
staining properties are more easily explicable 

The observations of 0hhels(269) and \\ ahlberg (347) are in 
general agreement The latter considers that m the normal 
thyroid the greater part of the parenchyma at any one time is 
functionally inactiv e and m resen e 

Bullif (372) has also gi\ en a clear account of secretion in the 
rat’s thyroid 

McClendon (227) from direct obsen ation of thyroid tissue in 
the ultracentrifugc and the centrifuge microscope and from 
histological preparations of the tissue fixed immediately after 
removal from the centrifuge, considers that thyroglobuim can 
pass between the cells of the follicle under stimulus of the 
thyrotrophic hormone of the pituitary (cf p 383), or under some 
mechanical force But e\ en if thyroglobuim can so reach the 
circulation no explanation is available as to how a hormone 
with a molecular weight of 700,000 could pass across an animal 
membrane into the cell m which it produces its effect 
Thvroid, cultn ated tn utro in the Carrel Lindbergh apparatus 
secretes iodine, chiefly in non protein combination, into the 
perfusion fluid, under stimulation of the thyrotrophic hormone 
(377, 372 \) 

It would thus appear that the process of secretion of the 
thyroid principle may probably be summed up as follows 
Iodine is absorbed {probably as iodide) from the blood by the 
cells lining the acitu, then is corn erted into dnodotyTOsine 
radicals in protein combination, and a proportion of these is 
changed to thyroxine radicals The protein concerned is 
thvroglobulm This passes through the membranes of these 
cells inwards into the acini and is stored As demands of the 
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orgvmsm require, the thy roglohultn is passed back into tlie 
acinar cells and the tigroid hormone is split o(T and excreted 
outwards into the capillaries within the glind for passage to 
all the cells of the orginism If the demand is excessive newly 
formed hormone may be passed directly to the capillaries 
w ithout storage 


The Normal Function of the Thyroid 

It is generally considered that the normal function of the 
thyroid gland is causatively linked with the oxidative processes 
of the body cells tl is seems the immednte logical conclusion 
from the depression of heat production caused by thyroidec 
tomy and the opposite effect which follows thyroid feeding 
Two problems immediately suggest themselves What is 
precisely the nature of thyroid effect upon cell oxidations ’ 
Are all the manifold effects associated with decreased ami 
increased thyroid action traceable directly or indirectly to level 
of oxidation in the tissues ? At least some of these manifold 
effects must be described to understand the significance of 
these q lestions 

Experimental thyroidectomy produces in animals at all ages 
a marked diminution of basal and general metabolism In 
the young animal general growth ossification and develop 
ment of the sex organs are all retarded Thymus involution 
is delayed The anterior lobe of the pituitary and the cortex 
of the adrenal gland are somewhat enlarged The skin becomes 
thickened its hairy covering develops imperfectly There is 
usually a marked lack of intelligence indicating involvement 
of the central nervous system especially the brain Bodv 
temperature is subnormal The blazing fire of young life is 
damped dow n 

In the adult animal corresponding effects are produced where 
possible Muscle loses tone and becomes weaker and muscular 
activity is diminished Sexual function is depressed The 
nervous system is affected dullness and apathy are marked 
The skiu is dry and hair tends to fall out Anaemia is usual 
Regeneration of tissue is retarded Body temperature is 
subnormal heat production is lowered and consumption of 
oxygen and production of carbon dioxide are lessened The 
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power of heat regulation is decreased Carbohydrate tolerance 
is raised (312) 

Administration of thyroid or thyroxine produces most diverse 
effects, increased catabolism in mammals, especially associated 
with nitrogenous metabolism, increased protection against 
acetonitrile poisoning in mice (but not in rats), accelerated 
metamorphosis of amphibian larvae, changed feathering m 
birds 

\\ hen thyroid is fed to a thy roidectomized animal dosage can 
be adjusted to produce a normal animal — normal, provided 
that dosage be maintained W hen it is fed to a normal animal, 
the animal loses weight, with increased excretion of urea and 
creatine, increased oxygen use, carbon dioxide production, 
heat production, and oxidation of carbohydrate (170) The 
gly cogen rcsen e of the liv er is depleted (179) , muscle gly eogen 
is also affected Hyperglycaemia may result (it is not 
uncommon in clinical hyperthyroidism) 

In young rats and rabbits thyroid or thyroxine feeding 
produces a lessened rate of growth, along with disappearance 
of body fat, lessened muscle bulk, and hypertrophy of heart, 
liver, kidneys, adrenals, pancreas, spleen, and lymphatic tissue 
The animal’s thvroid is distended with colloid, bloodless, and 
thus relatively small — a resting gland (53) Mice behave 
somewhat similarly (298) 

Markedly toxic effects are produced in most animals by 
continued high dosage, with fatal termination if the treatment 
is prolonged It has been shown that in rabbits the toxicity is 
increased by an increased external temperature (33° as compared 
with 25°), and death is preceded by a general acidosis which 
may be due to accelerated and incomplete tissue oxidation (91) 
The mechanism of the protective action against aceto 
nitrile m mice (cf p 23) is not y et know n Hunt thinks it is 
due to acceleration of oxidation of the poison to formic acid 
and thiocyanate There is evidence that thyroid catalyzes the 
dcmcthylation of acetonitrile, but that its action ends there (21) 
The premature metamorphosis of tadpoles is specifically an 
effect of iodine rather than of thvroid Thyroidectomizcd 
tadpoles will not metamorphose at all unless iodine m some 
form is given But of all iodine preparations thyroid and 
thyroxine are most effective , the latter is 100 times as effective 
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as duodotyrosme (179) Yet, in the thyroidectomizcd hypo 
physeetomized Colorado axolotl, which, untreated, will not 
metamorphose, mtraperitoneal implantation of powdered 
crystalline iodine rapidly induces metamorphosis (160, 312) 
It seems that the thyroid principle acts, ns regards meta 
morphosjs, merely as a puneyor of iodine m very effective but 
not specific form of combination 

Thyroxine appears to act as a depressant of cell division, 
since it has been shown to retard the cleavage rate and 
differentiation of the eggs of the sea urchin and the ascidian 
and of Paramoecium (330, 365) an effect not produced by 
other iodine compounds Whether this effect can be ascribed 
to enhanced oxidation is not certain, but there is some ev idcnce 
that thyroxine increases the level of oxidation of sea urchin 
spermatozoa (60) 

'lost races of fowls exhibit certain secondary sex differences 
in the feathers of the neck, wing bow and saddle When male 
birds are fed small doses of thyroid and o patch of feathers 
plucked m these regions, the new feathers do not show the 
characteristic male plumage Larger thyroid dosage produces 
rapid moulting and the new feathers show depigmcntation (164, 
08, 867, 189) There is some evidence associating the gonads 
with these changes though no adequate simple explanation is 
yet av ailable (79, 158) The depjgmentation may well be 
associated with such an increased level of oxidation as would 
tend to inhibit melanin formation and is definitely traceable 
to the thyroid hormone 

These v aried phenomena follow in g heightened thyroid action 
in the organism cannot all be traced to a raised lev el of oxidation, 
though m none can proof be v et adduced against this explana 
tion, and in many it seems rational The i« vitro experiments 
to be described immediately lend support to this view The 
response to onset of cold weather iq areas such as the Central 
United States also is suggestive of oxidation and heat produc 
tion by the thyroid There is usually a physiological enlarge- 
ment of that gland in farm animals, and its iodine content 
decreases — due to increased output of the iodine containing 
principle (179) A similar functional enlargement has been 
observed 1 rn pigeons 

In vitro Experiments The surviving hearts of thyroidec- 
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tomized cats use less glucose than those of normal cats 
Those from cats dosed with thyroxine use more, and those of 
thyroideetomized cats gnen appropriate doses of thyroxine 
use approximately tlie normal amount (10 4) 

Numerous experiments hase demonstrated that sunning 
tissues of thvroidectomized animals use Jess oxygen and 
those of thyroid fed animals use more oxygen than do normal 
controls 'Mansfield (236) has summarized the earlier European 
literature Some typical results may be stated briefly 

Sun i\ ing strips of diaphragm muscle from thyroidless rats 
show a 25 to 30 per cent ox\ gen use below normal (107a) 
Tissue cells from cretin pups and lambs show a similar decrease, 
whilst muscle strips from others gnen thyroxine for fue weeks 
previously show a marked increase (93x) Blood from alligators 
treated with thyroxine shows greater oxygen consumption 
than blood from controls, while when thyroxine is added direct!) 
to alligator s blood there is sometimes increased consumption 
Ihvroxme produces increased consumption of glucose and 
formation of lactic acid, and a lowered respiratory quotient m 
these animals (308) 

Numerous investigators haie employed Marburg s method 
of measuring oxygen uptake with minced tissue or tissue slices 
Mansfeld has summarized such work admirably, and to his 
account may be added that of Andrus and McEachem (13, 231 ) 
The results indicate be\ond doubt that thyroxine (or thvroid) 
produces acceleration of anaerobic oxidation in tissue cells 

Such results, and those with sunning organs separated 
from nen e control, suggest a peripheral site of thyroid action 
Yet there is considerable e\idence supporting central action 
Thus, if continued arid sufficiently large doses of thvroid are fed 
to normal dogs, death ensues, but such doses are not fatal to 
dogs whose sy mpathetic nen es to tlie heart has e been sectioned 
(Bohnenkamp and Enderien, 1031) Patients with brim 
disease are refractory to thyroxine (balta and Hogler, Sehle, 
Leschke) Vererbfly (1932) claimed, indeed, that thsroxine 
produced increased oxygen use m brain cells, but not m other 
tissues 

Atansfcld himself has obtained the following important 
results \erfrb£ly's results were not obtained when strict 
asepsis and stricter companson with controls were employed 
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Measurements under anaerobic conditions m presence of a 
Jij drogen acceptor such os me tliy lene blue completely confirmed 
earlier work, showing that pre thyroxine treatment increased 
-oxygen consumption of all organs of botli warm and 
cold blooded animals while Ahlgren s figure for optimum 
concentration, 1Q -1S , was confirmed 1 Increasing the thyroxine 
concentration aboic this figure diminishes the effect The 
conditions in these experiments suggested that the acceleration 
produced might be specifically that of dehydrogenation rather 
than oxidation, this prosed not to be the case Apparently 
thyroxine action is not directly associated with the reduction of 
methylene blue to its colourless base but is linked with the 
fore period of such experiments, in which hydrogen transfer 
does not take place During the subsequent oxidation phase 
thyroxine appears to be inactive 

Warburg had shown that if ethyl carbylamine C 2 H s JsC, is 
added to an enzyme system the aerobic phase becomes an 
anaerobic one Mansfeld deduced that in such a condition 
no fore period of incubation w ith thy roxme should be necessary 
to demonstrate its action and showed that this indeed is the 
ense, and that in presence of ethyl carbylamine all tissues 
tested showed increased oxygen use on addition of thyroxine, 
with the sole exception of muscle (in winch probably lactic acid 
decomposes the ethyl carb\ lanune) 

Mansfeld then showed tint in physiological concentration 
(and it is important to stress this, ns contrasted with effects 
due to aasth greater non physiological dosage) thyroxine 
does not increase glycolysis but rather depresses it (while, 
correspondingly addition of glucose lessens the increased 
oxygen use due to thyroxine) He confirmed earlier results 
that where thyroxine does increase oxidation there is a parallel 
increase of production of ammonia Autolysis largely 
decomposition of protein is increased bv the presence of 
thyroxine lie concludes that thyroxine acts on the cells 
themseh es, primarily m facilitating changes in protein meta- 
bolism and that probablv an increase in some of the resulting 
products leads to the increase in oxygen use Such a conclusion 
agrees with that of Heffner (1927) who finding that potassium 
1 liaarman (38?) Is in general agreement, but finds that the optimal 
concentration lies between 10 14 and 10 *• 
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cyanide does not inhibit the action of thyroxine in accelerating 
metamorphosis m tadpoles, concluded that it acts on the 
anaerobic phase of cell life 

This part of Mansfeld’s work relates to study or the effects 
of thyroxine outside the intact organism It is to be noted 
that in this type of experiment the tissue cells or some large 
proportion of them suffer some degree of damage in the 
experimental procedure 

Mansfeld has attempted to find an explanation for the fact 
that after administration of thyroid or thyroxine there is a latent 
period of twelve to twenty four hours before increased oxygen 
consumption can be demonstrated m the intact organism, a 
fact completely at v ana nee with its immediate action on the 
isolated cell He states that when the two kidneys of a rabbit 
are removed by successn e nephrectomies, and thyroxine is 
injected into the animal between the two operations, the second 
kidney shows a definitely increased oxygen consumption, but 
that if, initially, both kidneys arc denervated, there is no 
thyroxine effect This Suggests that thy roxine can only reach 
the cells of an undamaged organ if its innervation is intact 
and suggested to Mansfeld that thyroxine is taken up by the 
nervous system and transferred to tissue cells through the 
peripheral nerv es In support of this \ lew Mansfeld states that 
he has found that when the two hind limbs of a frog are carefully 
removed and laid in a moist chamber, and the living end of one 
ischiadic nerv e is allowed to dip into a Ringer solution, whilst 
that of the other dips into a Ringer solution containing 
thyroxine in concentration 10 -1 *, after the preparation has been 
kept for twenty to forty hours at 1G° to 18° if the gastrocnemu 
are minced and oxygen consumption measured in Warburg’s 
apparatus the “ thyroxmized ” muscle shows a 20 to 32 per 
cent increase in oxygen consumption above that of the 
control The observation of Schittenhelm and Eisler (1927) 
is quoted in support they found that after administration 
of thyroxine to an animal the iodine content of the middle 
brain and tuber cmereum is increased ten fold, though it 
drops to normal values within twenty four hotrts Mansfeld 
concludes that thyroxine (and presumably also the actual 
thyroid principle, whatever that be) passes by the nerve 
fibrils to the interior of tissue cells, reaching the zone of 

*.A X5TJOC S 
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least aerobic ovulation the zone where its own action can be 
most eflictnc 

These later experiments ol Mansfeld ami the conclusions he 
bases on them cannot be accepted until strong confirmatory 
e\ sdence becomes available Actually other recent work is 
adverse to his views Oberdissc and Hod a (400) in careful 
experiments cannot find that kidney denervation afietts the 
thyroxine action on kidney tissue Without new supjvortmg 
work Mansfeld s intriguing theory of the carnage of the thyroid 
hormone by nerve paths is unacceptable 

The experiments of Andrus and McEnchern (13 231) are 
m general agreement with the i» utro results that have been 
quoted They noted further that the increased respiration of 
tissues of animals rendered hypcrthyroid is not as great as 
would be expected from the increase of metabolism m the 
intact animal and no new nor abnormal mechanisms arc 
mv olv cd They also find that increase in tissue gly coly sis is not 
the fundamental cause of increased oxygen consumption ui 
hyperthyroidism 

Awmwirtry The results following thyroidectomy and the 
restoration of the thyroidectomtred animal to normal stale 
by administration of thyroid or thyroxine ui apjropnatc 
dosages are strongly suggestive of control of oxidation level 
by the thyroid principle Alany of the results induced b\ 
artificial hyperthyroidism arc susceptible of a similar explana 
tian other actions seem more remote or specific (The 
clinical pictures associated with human hypothyroid and 
hyperthy roid states also present features which seem 
untrnccable to mere control of grade of oxidation (248) ) 

Experiments with surviving tissues show definitely that 
thyroxine (and presumably the thyroid hormone) increases 
their consumption of oxygen and thus their heat produe 
tion There is evidence tint its catalytic action is applied 
to some anaerobic stage of intracellular metabolism not 
directlv associated with oxidation or dehydrogenation but 
not improbably concerned with the deamination of protein 
metabolites 

It seems logical to conclude at the present stage of our 
knowledge that the varied efleets associated with thyroid 
activity all involve increase in oxidative processes, but are 
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not themselves necessarily the results of the heightened level 
of oxidation 

Non-thyroid Catalysts of Metabolism Recent vv ork by Magne (235), 
Tainter and Cutting (329), Dodds (88) and others has shown that 
\ arious nitrophenols and similar compounds markedly increase the 
oxidative processes in the organism The compounds chiefly studied 
hare been 2 4 dinitrophenoland dimtro-o-cresol They increase the 
oxidatne processes of all tissues ltith sufticient dosage body 
temperature is increased, and there is marked sweating With still 
higher dosage animals and man may die following extreme hyiier 
pyrexia There is evidence that fats arc oxidized in preference to 
carbohydrates, while protein metabolism is not so much affected 
Moderate persistent dosage produces and maintains a high basal 
metabolic rate (+ 30 to +50 per cent ) without undue symptoms 
other than steady fall of body weight 
The action of these compounds shows a little, hut only a little, 
resemblance to that of thyroid Liver and muscle glycogen nre 
diminished, but tadpole metamorphosis is not accelerated, anti there 
is no beneficial effect on myxoedema e\ en when the basal metabolism 
is maintained abo\e normal for a considerable time (03, 320, 88} 
These drugs have been extensively used in the treatment of obesity, 
with good results But all writers stress the necessity for great 
caution in their use and continued control of the patient Several 
fatalities have been reported The susceptibility of dogs with 
experimental diabetes is greatly increased Ev idently marked caution 
w required in using this method of treatment with obese diabetics 

The Control of the Thyroid Secretion 
It is frequently assumed that the thyroid gland is under the 
control of the sympathetic nerv ous sy stem, and that in abnormal 
thyroid states that system is definitely affected (The nervous 
excitation of a patient with Graves’ disease is a cardinal 
symptom, the my xoedeniatous patient presents the opposite 
Condition ) 

Gley, writing m 1926, could find no convincing evidence 
m favour of this v icvv (119, cf 174) But favourable evidence 
is accumulating 

According to Sunder PJassmann (325 b) each thvroid cell is 
under sy mpathetic nerv e control through a terminal reticulum 
If impulses from the central nervous system are abnormally 
strong, no matter through what cause, a hy pci or dysfunction 
ensues Under pathological conditions the terminal reticulum 
js destroyed and the thyroid is out of control (cf also p 83 
footnote) 
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Nonidcz (200) adduces anatomical evidence that the blood 
supply of the thyroid is under dose control of the nervous 
sy item \v Inch may thus indirectly influence the rate of secretion 
and of discharge of its principle Bachromejcw and Ter 
Ossipowp (10) have observed histological changes m the 
thyroid suggesting uicreased activity following stimulation 
of the peripheral end of the superior lary ngeal nerve 

In earlier work Nomdez (1931) found evidence for the 
existence of a specific thyroid nerve made up of fibres from 
the superior cervical ganglion of the sympathetic and para 
sympathetic fibres from the superior laryngeal branch of the 
a agus Boss and Moorhousc (407) hav e confirmed and extended 
these findings for the dog They find that m most dogs the 
origins of the thy roid nerv e are those stated by Nomdez but 
tint frequenty the vagus fibres arise from the ganglion 
nodosum or the \ ago sympathetic trunk instead of the superior 
laryngeal branch The thyroid nerve terminates in branches 
which enter the gland with branches of the superior thyroid 
artery 

Stimulation of the thy roid nerve consistently slows the flow 
of blood through the gland Histological changes following 
continued nerve stimulation in acute experiments could not be 
demonstrated Their results support the view that there exi its 
an important indirect control of the thyroid gland through nervous 
regulation of i/s blood supply and thus of the output of hormone 
into the general circulation 

It has been shown that after bilateral splonchnectomy, 
splanchnico vagotomy and extirpation of the stellate ganglia 
jw rabbits there is no difference in the effect of thy roid feeding 
upon their gaseous metabolism whence it was concluded that 
no metabolic centre of the central nervous system controls the 
action of the thyroid hormone in the tissue cells (200) 

There is definite eiidence that the thyroid secretion is under 
the control of one of the hormones secreted by the anterior lobe 
of the pituitary (cf Chapter \ III) 

The Utilization of the Basal Metabolic Rate m Evaluating 
Thyroid Function 

The ever increasing employment of determinations of the 
basal metabolic rate to confirm or disprove a diagnosis of 
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thyroid disease, to control the pre operative treatment of 
hyperthyroid patients and to adjust the th\ roid dosage of those 
exhibiting a hypothyroid condition, renders the precise evalua 
tion of this test, and the recognition of its limitations, matters of 
considerable importance 

The determination is open to certain intrinsic errors 
especiallj when the simpler portable forms of apparatus 
are used Use of these involves the assumption of a “ basal 
respirator} quotient ” of 0 82 Unbalanced diabetics do not 
have this quotient The normal heat production is usuall) 
calculated from a height weight surface area formula, and the 
calculation of surface area from height and weight leads to a 
variable error necessitating an allowance of ± 15 per cent for 
normal limits The increased temperature associated with 
fever needs a large correction, although, cunouslv enough, 
sub normal temperatures do not 

DuBois has dealt very full} with the subject of basal 
metabolism (92) Attention maj be drawn to one or two 
phases dealt with in recentl} published papers 1 

Standards The normal standards of Aub and DuBois for 
heat production per square metre of body surface have been 
modified by Boothb} and Sandiford (87), who have extended 
them to } oung children , their figures for children are un 
doubtedly more accurate than those prev lously in use Further 
accurate studies of metabolism in children have been published 
by J*}hn (268), b> Bierring (26), and b> Talbot (331) 

Impedance Angle Measurements Claims that the so called 
“ impedance angle ” (related to the impedance bv the bod} to 
an alternating current) is more accurate in diagnosis of abnormal 
thyroid states than basal metabolic rate determinations (44) do not 
seem to be justified (297, 159) 

Estimation from Pulse Rate and Pulse Pressure Attempts ha\e 
been made to determine the basal metabolic rate from formulae 
based upon pulse rate and pulse pressure While some degree of 
relationship exists, the potential error is too great to give that 

* Macias (39Q) has shown and his results have been confirmed by Pemii 
and Jones (403) that, provided the oxygen content of the inspired air is 
not allowed to fail below 10 per cent atmospheric air ran be emplojed 
ire basal metabolism machines and accurate results obtained special 
adjustments maj be necessary to increase the volume capacity of the 
instrument under such conditions and where oxjgen is easily obtainable 
its use is obviously preferable 
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certainty of Information required from n diagnostic test (20*, 
72, 282) 

Variations from Causes other than Disease Various studies 
have been made ion trusting basal metabolic rates of normal 
persons in tropical and subtropical climates and of non Aryan 
races with those of Arjans in temperate climates (on which the 
Aub and DuBois standards are based) The results though 
not in complete agreement, suggest that metabolism is some 
what less in warmer climates and that race exerts a distinct 
influence The effect of climate seems to be shown b> the fact 
that wlnle the basal metabolism of Brazilian w hites is 20 per cent 
below the standards (9, 827, 183) that of students of South 
Carolina a\ erages 10 per cent below (287), and similar results 
have been obtained for students in Florida (337) (Howes er, 
similar results were also obtained for those m the more 
temperate surroundings of Minneapolis (73) ) Other findings 
for places m temperate climates are in almost complete 
agreement with the standards (129, 54) Altitudes up to 
8,720 feet appear to base no influence on basal metabolism 
(J90 B) 

Studies on different races ha\e prosed interesting, although 
the} evident!} require to be extended before definite con 
elusions are permissible Tiie Chinese are stated to exhibit a 
lower metabolic rate than Western races (9*) Itesults for 
Japanese are conflicting (3*1, 830, 23t), but there seems good 
evidence that, as far as basal metabolism is concerned, tliev 
retain their racial characteristics even when born and brought 
up under different climatic conditions (373) figures obtained 
for Armenians agree with the standards, but those for other 
Near Eastern peoples are lower Sjrnn women in Beirut gate 
lower values than Anglo Saxon women residing there (3*1) 
According to Heiubecker Eskimos in the Baffin Baj district 
gave values averaging 83 per cent higher than the standards 
(1*5), but Levine (893) found that 18 out of 23 Eskimos 
examined under ideal conditions gave normal rates bearing 
no relationship to race or climate The reported values for 
Jamaican Blacks are «hght!} low, but those for Majans m the 
\ ucatan are slight 1} higher than the values obtained for control 
wYSt^es there (24) Low \ alues hav ebeen obtained for Australian 
aborxjnes (352) 
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While the precise causes of these racial differences cannot 
be stated, differences m diet are undoubted!} an important 
factor Thus the low figures obtained for medical students m 
Madras — — 12 per cent for males , — 1 6 per cent for females — 
base been attributed to low protein diet and read} muscular 
relaxation (188) \es ertheless, Benedict, m a recent rewew of 
the literature (23), sa}s that the existence of a racial factor 
can no longer be doubted, and he regards as especiall} note 
worths the findings for female Tamils (17 per cent below the 
standards) and for male Ma}ans (8 per cent abos e) (Cf 
also (340) ) 

Campos (376) has recenth published (in English) a \ aluable 
and critical account of determinations of the basal metabolism 
of different races m tropical and subtropical countries , his 
paper includes a full bibhograph} 

Under nutrition can marhedl} affect the basal rate 
Moderate under nutrition does not produce an appreciable 
effect, but an abnormall} low diet can depress the rate more 
than 20 per cent Since so man} patients are under nourished 
this factor needs to be considered in the interpretation of 
results In under nourished children there is a tendcnc} for 
the rate to be raised (92) 

Diet, and especiall} the protein of the diet, produces an 
effect It has been show n that a protein free diet will produce 
a rapid fall in the basal metabolic rate of a normal individual 
within a few da}s When such an individual is then gisen a 
high protein diet the rate not onl} returns to normal, but is 
definite]} raised abos e normal (86) 

According to Rubenstein (408) during the menstrual c}cle 
there is a regular fluctuation within i 5 per cent of the mean 
the lowest s alues occurring just before the mid period, and the 
highest a few da} s before menstruation 

During pregnancy there is a slow rise, perceptible during 
the second half and amounting at most to an increase of 
20 to 25 per cent abos e the \ alues prior to the pregnane} (92) 
Hanna (388) states that to the end of the fifth lunar month 
s alues remain within high normal lesels , at the ninth lunar 
month figures of from -f 14 to *f- 16 per cent are obtained ami 
on the ninth day post partum basal metabolism is again normal 
Basal Metabolism in Disease The relativ ely large correction 
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of 7 2 per cent per 1°F abov e norms I body temperature 
must be applied to results for all patients exhibiting a fabric 
condition This not infrequently leads to a correction whch 
is too large to permit stress to be laid on a moderate deviation 
from normal after the correction has been applied 
F deluding this temperature effect probably over 00 per 
cent of abnormal basal rates ore directly attributable to 
abnormal thvToid function The basal rate may be unduly 
elevated in oases of leukaemia poly c\ thaemia vera and the 
leukaemic IvmpUoblastomata in cases of pernicious anaemia 
essential hypertension cardiac disease and acromegaly m 
chronic encephalitis with Parkinsonism and m intestinal 
obstruction In mild coses of diabetes there is no deviation 
from normal Severer cases generally under nourished, may 
on this account show a decreased metabolism in extremely 
emaciated cases this may reach 30 or 40 per cent below the 
average normal Cases suggestive of hypofunetion of the 
anterior pituitary may exhibit normal or slightly Ion rates (02) 
It is generally assumed that any change from normal in a 
patient with pituitary disease is due to a pituitary thyroid 
interrelationship (ef Chapter \ III) 

Bearing directly upon the association of abnormal basal 
rite with abnormal thyroid function is the finding that when 
man is injected with pure human thy roglobulin an addition to 
the daily dose of 0 1 mg ruses the rate 10 ± 5 pec cent (07) 

Classification of Thyroid Diseases 
The classification of thyToid diseases is a fruitful field of 
controversy The most unsettled question at present is the 
unitary nature or otherwise of hyqicrthy roid conditions 
The simplest classification for the present purpose is 1 

1 Inflammatory conditions 

2 Simple (endemic) goitre 

3 Hypothyroidism 

4 Hy perthyroidism 

5 Malignant tumours of the thyroid 

Even with these few divisions there is not complete mutual 
exclusion Thus a smaif proportion of cases of Graves disease 
1 For an example of a fully differentiated classification sec JolI(174) 
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(which is generally considered a hyperthyroid state) appear to 
exhibit no hyperthyroidism Again, some malignant tumours 
of the thyroid are associated w ith hyperthyroidism 
From the endocrine standpoint the first and last of these 
divisions are of much less interest than the others, and will 
onl> be referred to x ery briefly 

Inflammatory Conditions of the Thyroid 
In the rare instances when the thy roid is influenced by the 
toxins of acute infections the colloid may dimmish or disappear, 
the cells lining the follicles may degenerate or desquamate, and 
there may develop increased vascularity and hvperplastic 
changes in the epithelium The latter may become sufficiently 
conspicuous to resemble those seen in certain stages of Graves’ 
disease The basal metabolic rate may be increased Adminis 
tration of iodine lessens the effect (60, 104) 

Chronic inflammatory conditions, also rare, may be due to 
tuberculosis, syphilis, actinomycosis, etc , and include Riedel s 
disease, and perhaps lymphadenoid goitre, and inflammatory 
conditions traceable to parasitic causes (Echinococcus disease 
and Chagas’ disease, due to Trypanosoma cruzi) 

Williamson and Pearse have endeavoured to show that there is a 
close connection between lymphadenoid goitre and Riedel s disease 
(woody thyroiditis) Jolt lias advanced a number of objections to 
their xiew, which he considers is erroneous (174) 

Endemic Goitre 

“ Any enlargement of the thyroid gland which is neither 
inflammatory nor malignant and not associated with toxic 
features may be considered a simple goitre ” (174) 

The evidence associating undue lack of iodine in the diet with 
prevalence of endemic goitre strongly suggests a causative 
relationship between the two, but does not afford final proof 
that lack of iodine can be the sole cause of this goitre There 
is indisputable evidence, indeed, that such a goitre can arise 
from other causes But there is overwhelming evidence that 
m communities where the diet contains a sufficiency of rodme 
such endemic goitre is extremely rare, and that if lack of iodine 
is not definitely the cause of development of such goitre, > et a 
sufficiency of iodine acts as a shield against its production 
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The Nature of Simple Goitre It has been suggested that 
there are at least three types of simple goitre — one found m 
mountainous regions, the second common in non mountainous 
countries, and the third traceable to a dietary deficiency , which 
is not of iodine, but which is perhaps the lack of vitamin A 
Marine (241) considers that there is inadequate support for 
such slews 

The goitre of mountainous regions has been \ anously 
termed parenehv matous goitre, adenopareiichymatous goitre, 
simple hyperplastic goitre and chronic hypertrophic goitre 
According to McCarrison (22?), the condition is “essentially 
a place disease,” pres ailing “ with different degrees of intensity 
m different regions and in different parts of the same region ” 
It exhibits distinct seasonal variations and appears more 
commonly in the spring and early summer months The 
children of goitrous mothers are prone to become goitrous, and 
consanguinity appears to fas our the development of goitre It 
is associated with cretinism, deaf mutism and idiocj The 
pathological picture indicates secretory activity , hyperplasia 
predominates There is suggestion of formation of many new 
small vesicles The gland is poor in colloid Solid masses of 
cells — adenomata — arc present 

In non mountainous countries a diffuse colloid goitre 
predominates Colloid accumulates, resulting m frequent 
distortion of the vesicles The goitre gradually increases in 
size until puberty and then tends to disappear 

Tile differentiation of lymph adenoid goitre as a separate 
entity is due to Williamson and Pearse, and McCarnsan 
lhc former describe the thyroid picture as exhibiting a 
preponderance of lymphocytic aggregates, a fibrosis, and a 
specific atrophy of the parenchyma (362) They consider, on 
probably insufficient evidence, that the ultimate atrophy is 
the cause of my xoedema m adults (cf p 50) de Jong believes 
that lymphadenoid goitre is not a true goitre, but a chronic 
thyroidttis (185) 

Joll has dealt very fullv with the pathological histology' of 
simple goitre (174) 

The Relationship between Dietary Iodine and the Occurrence 
of Goitre 27ie mde distribution of iodine, and the marked 
variations m the amounts of the element present m rocks. 
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soils, drinking waters and foods ha\c already been referred 
to (p H) In man> regions over the whole globe there is a 
striking imerse relationship between the content of iodine in 
the diet and the proportion of goitrous individuals among the 
total population 

Contrasts of the iodine content of the diet with the incidence 
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of goitre ha\ e been made for goitrous and non goitrous districts 
in Switzerland (105), Argentina (244), Ilungarj (33) and 
China (8) There is excellent agreement betw een these sun e\ s , 
the inverse relationship definite!} exists Japan is practical!} 
non goitrous The iodine consumption of the Japanese is more 
than double that of anj other people (226) 

Jfaps have oeen punished’ comparing the incidence of goitre 
in the United States w ith the relative content (low or high) of 
iodine m the drinking water , the resemblance is marked (224) 
Ihe correlation is not quite so marked m Alberta, Canada (350) 
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Close proximity to the sea undoubtedly increases the intake 
of air borne iodine In I D25 there w as 20 per cen t less goitre at 
Lj ttclton, the harbour of Christchurch N 7 than at Christ 
church itself, two miles inland (150) Goitre is practically 
absent on San Juan Island in the Puget bound w hiJe m the 
city of beattle stretching inland from the Sound, it is prevalent 
McClendon considers that it is necessary to In e w ithin three 
miles of the sea to drrne perceptible benefit from airborne 
iodine (224) 

Since iodine is excreted almost entirely through the kidneys, 
measurement of the urine content of iodine per twenty four 
hours’ excretion gives a close clue to the daily iodine intake 
The results show n m Table II confirm the imerse relationship 
between iodine intake and incidence of goitre (105 209, 149) 

The figures for Norwegian districts are particularly striking 
It may not be without significance that in some of the goitrous 
districts in Norway the aierage iodine excretion from goitrous 
individuals is equal to that from lion goitrous individuals in a 
relatn ely non goitrous district in Switzerland there is a 
possible inference of some other factor beside lack of iodine 
(cf 222 218) 

The Effects of Administration of Iodine Compounds in 
Preventing and Benefiting Endemic Goitre Before dealing 
specifically with the subject named m the heading it is perhaps 
desirable to stress the necessity of employing accurate 
terminology in references to iodine compounds In clinical 
papers the term “jodiue is often somewhat loosely used 
Iodine is administered sery frequently ns Eugol s solution 
(compound solution of iodine a solution of iodine in potassium 
iodide, of which the strength varies in different countries) less 
frequently as (alcoholic) tincture of iodine and very often as 
sodium or potassium iodide Occasionally iodized fats are 
administered Sodium and potassium iodide in solution 
circulate very rapidlv throughout the body the iodide ion 
penetrating all membranes with the greatest ease so that 
within a few minutes of the introduction of an iodide into the 
stomach through a tube or within a capsule it can be detected 
m the saliva and xery shortly afterwards in the urine 
II%dnodie acid is subsequently present in the gastric juice, and 
iodide is also seer ted into the milk Excretion is rapid , the 
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mam channel of excretion is through the kidneys When a 
single dose of iodide is given, 50 per cent is excreted m the 
urine in twenty four hours and most of this within the first sr\ 
hours Practical!* all is excreted within ninety six hours 
Iodine is present in the tincture as elementary iodine, and m 
Lugol s solution probably as the actn e compound KI s In 
these forms it rapidly attacks protein material in neutral or 
alkaline medium "Whether given as the tincture or the 
compound solution it is practically mconcciv able that following 
oral administration any free iodine or KI 3 ever reaches the 
thyroid gland itself The initial change is probably formation 
of iodide of starch (if the iodine is taken after a meal) from 
which the iodine is subsequenth set free to attack other 
compounds The final result of any reaction with protein ts 
probably the setting free of dnodotyrosine through norma! 
digestn e processes This can be absorbed and when it is fed 
directly it is m large part decomposed iodide appearing in the 
unne at a somewhat slower rate than when the corresponding 
amount of iodide is gnen Iodized fats when given are only 
very slowlv decomposed the fat being stored in the same way 
as other fats iodide is very slowly excreted 

The effect of increasing the amount of iodine (in any one 
of these forms) in the circulating blood is to increase transiently 
the amount present m the various tissues Only thyroid tissue 
is capable of storing any relatn elv large amount This it does 
easily, no matter in what form of combination the iodine is 
supplied 

Prout appears to have used iodine in the treatment of goitre 
as early as 1816 five years after its discovery (32G) Coindet 
used it in 1820 and Boussmgault in 1833 concluded that the 
iodine in natural salts used in certain districts in South America, 
acted as a prev entiv e of goitre (220) Prev ost adv ocated its 
employment as a preventive of goitre in 1849 During the 
follow mg decade the treatment was used to some extent m 
Switzerland, Austria, and Italy the treatment was criticized 
adversely in the Imperial Academy of Medicine in Pans in 
3858 and grad u all \ fell mto disuse 

Marine remedied a serious condition of endemic goitre m the 
Iish Hatcheries at Shady Grove, Perumlvama by addition of 
a small amount of iodide to the water This good result led 
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Marine and Kimball to carry out the first systematic large scale 
attempt to combat and prevent goitre m the schools of Akron 
Ohio in 1916 It was successful Of those girls «lio were 
imtiallv non goitrous only 0 2 per cent dev eloped a goitre 
during four years of treatment, as compared with 27 6 per cent 
amongst those whose parents refused to permit the treatment 
Of those initially goitrous GO jver cent showed improvement 
during treatment and onU 14 per cent amongst the untreated 
group (181) 

Immediately following the publication of these results 
.similar treatment was instituted elsewhere in schools and 
communities w here goitre is prei alent Good results has e been 
reported from Switzerland (184) Norway (264) Italy (260), 
Austria (172), New* 7ealand (175) and Canada (1) In these 
wholesale experiments sodium or potassium iodide or iodized 
fat at stated intervals or iodized salt continuously, were 
variously used The incidence of goitre in new born infants of 
goitrous mothers has markedly decreased following treatment 
of the expectant mothers with iodized salt throughout 
pregnancy (181, 277 221) 

McClures analysis of the results in Michigan following ten 
years prophylactic use of iodine shows that in 1934 only 1 per 
cent of the school children had goitre as compared with 
33 per cent in 1924 (228) 

Keith (178) reported m 1924 the de\ elopmcnt of goitre in a 
whole conimunitv and its farm stock in Pemberton \ alley, 
British Columbia and the rapid abolition of the goitre in 
animals and man by administration of iodine Tv v ard (99) 
Ins reported similar good effects with farm animals (cf 
also 358) 

The sole important exception to the beneficial use of iodine 
is New 7ealand W hde an early survey showed an inverse 
proportionality between iodine of the diet (or the urine) and 
incidence of goitre (151) and while iodine treatment at first 
appeared to give as good results as it has elsew here (175), a 
more recent report (313) shows that the inverse relationship 
no longer exists and ui certain districts there has been a 
marked increase in goitre m school children Although the 
investigators state that there has been no change in environ 
ment (including water supply and food supply) in the five 
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\ ears’ inters al between the two surveys it would appear 
quite probable that a closer investigation might reveal some 
other varying factor, such as changed calcium intake and 
that to counteract this factor, a still larger iodine intake is 
desirable 

Some Potential Causes of Endemic Goitre Numerous theories 
of the etiology of goitre hav e been put forward Mans of these 
do not deserve verv serious consideration In addition to the 
theory of iodine deficiencv perhaps the most important are those 
concerned with a hypothetical water borne infection, with 
incorrect diet, and with \ itamin deficiencv 

As a result of personal observations in the Himalayas, 
McCamson (220) claims that the soil of non goitrous regions 
mav be rich or poor in iodine while certain regions with an 
iodine rich soil are goitrous Drinking water relativelv rich 
in iodine does not prevent the occurrence of endemic goitre 
in the presence of a high degree of bacterial impuritv , vvhile 
the substitution of a bacteriological!) pure for an impure 
water has caused the rapid and complete disappearance of 
the disease from a place w here it lias been endemic for sev ent) 
years, although the new water supply contains less iodine 
than the old He claims to liave induced goitre in man by 
the administration of sediment from contaminated drinking 
water, and to have cured it by intestinal antiseptics He 
admits, hovvev er that iodine containing salts appear to exert 
a beneficial prophylaxis and that the disease is in general 
more prone to arise m iodine poor than in iodine rich localities 

Various other investigators have put forward observations 
supporting the theory of a waterborne infection (115, 70) 
Others hav e suggested factors w Inch might prev ent the absorp 
tion of iodine from the gastro intestinal canal such ns its 
presence m an unassmnlablc form (178) or chronic digestive 
infections (27a) 

(It should alw ay s be remembered, in contrasting the incidence 
of goitre with the iodine content of drinking water, that, almost 
always, in the absence of definite addition of iodine, the greater 
part of the iodine we ingest is taken with the solid food 
constituents ) 

Ineffectiveness of iodine in treatment of goitre has been 
reported by a few inv estimators (605, 182), who form but a 
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snnll minority of those who (me published results concerning 
the treatment 

Stott (322) has studied the distribution and cause of endemic 
goitre m the United Provinces (India) Graves,’ disease is 
absent, but hypothy roidism and cretinism are common, and 
the association between deaf mutism cretinism and goitre is 
confirmed In India as a whole congenital deaf mutes, cretins 
and goitrous persons are located in a main endemic area in the 
Ilimaloj as, and in districts bordering the Himalay an Foothills, 
especially where the drainage water is carried from the 
Himalayas to the sea Where the local distribution of this 
disease group has been investigated it is associated with a 
definite water supply, and in that water supply lime is, usually 
present in cxcessn e amounts “ Nowhere m India or Burma 
is the deaf mute rate higher than among the Kaclnns of 
N Burma These Kachins drink water from hill streams 

which are no doubt impregnated with calcium and moreover it 
is customary amongst the Kachins to cat calcium as a powder 
in large quantities” (With these observations mav be 
associated Hellwig t> experimental results quoted on p 49 ) 

Straub considers that iodine deficiency is the chief factor 
m the development of goitre in the Hungarian plain, and that 
calcium does not plav any part (322 a) 

Several investigators have claimed to be able to isolate 
various specific organisms from goitrous thyroid glands (BOO, 
50, 80) , it has been further claimed that dogs inoculated with 
such isolated organisms will develop goitre Crotti, the 
outstanduig proponent of a fungus as causative agent of goitre, 
has giv en a detailed account of lus work in his monograph ( 80 ) 

McCarrison studied the incidence of goitre in a large rat 
colony m India (216) and traced its occurrence to an ill balanced 
diet and especially to deficiency of \ itamin A Most of the 
goitres were lyrniph adenoid m tvpe and were not benefited by 
administration of iodine 

Surveys of goitre m Winnipeg school children suggest that 
there is u racial factor, the highest incidence is amongst 
children of Central European and Jewish parentage It is 
probible, however, that an unbalanced diet may constitute 
the actual factor Cabbage is frequently a predominant 
constituent (cf p 50) The diets of many Jew lsh children are 
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poorh balanced and too rich in fat ( 1 ) The frequency of 
goitre in the Carpathi ms lias also been attributed to cxcessn e 
use of cabbage m the diet (32 >a) 

The Experimental Production of Goitre in Animals The 
inverse relationship which exists between distribution of 
iodine in sods and foods and incidence of goitre, and the almost 
nni\ ersal agreement that the prophylactic use of iodine in some 
one of its combinations lessens this incidence, suggest that 
deficiencv of iodine ma> be in itsel f a cause of goitre N umerous 
inv estimations led to quite contradictory results, but proof that 
such deficiency actually can produce goitre seems at length to 
have been furnished bv Levine, Remington and von Kolmtz 
(202, 204), vs ho have shown that a diet containing 15y of iodine 
per kilogram prov ldmg rats with only 0 14y per day , produced 
goitre in 35 day s or less Such goitrous glands showed marked 
hyperplasia. Jack of colloid and low iodine content The 
minimum amount of iodine which definitely prevented goitre 
in these rats was 1 to 2y per day (Cf also 40G ) 

Sharpless (410) has produced hyperplastic goitre in rats on a 
diet containing 75 per cent raw sov bean flour and GO to 80y of 
iodine per kilogram a reasonably large amount Additional 
iodide prevented the goitre 

Excellently controlled experiments have been carried out by 
Palton (402) who found that a synthetic ration containing 
0 145 mg of iodine per kilogram produced marked (hy perplastic) 
goitre in chicks within twelve weeks, while when the iodine 
content w as raised to 5 mg per kilogram no goitre occurred 

Mellanby (251) has obtained goitres in pups when the 
mothers were kept on a diet low in iodine content during 
pregnancy, and the young, after weaning, were kept on a 
similar diet 

Hcllwig has revned an old theory that excess of calcium 
salts in a diet may cause endemic goitre, a theorv associated 
with belief that water from limestone sources is goitrjgeme 
He has produced hyperplastic goitre in rats fed on barley 
and given 2 per cent calcium chloride solution as sole source 
of dunking water (147) In more recent work (148) he claims 
that moderate excess of iodine added to such diets results in 
colloid goitre , marked excess of iodine in prevention of goitre 
Juanita Thompson’s experiments are nearer to normal 
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conditions (3JJ) She finds that in rnts fed diets deficient m 
iodine there is gross enlargement of the thyroid associated with 
hypertrophy and hj perplasm , these changes sometimes revert 
to atrophy Addition of calcium carbonate to the diet results 
in greater and more rapid increase in size of the thyroid and a 
more marked hyperplasia while all such changes can be 
prev ented by increasing the dietary iodine 

Krauss and Monroes experiments (187) also support the 
A lew that a high calcium content of the diet acts as an auxiliary 
factor in production of goitre 

McCarrison (217) was able to produce tl ly mph adenoid 
goitres three to four times normal size in three of eighteen 
rats fed on a diet deficient in vitamin A In later experiments 
cvstic formation was found m six of fifteen glands The results 
were not attributable to iodine deficiency addition of iodine 
to the diet appeared to increase the incidence Addition of 
manganese chlomle to the diet prevented the dev elopment of a 
goitre 

The Goitngenlc Action of Cabbage One of the most 
interesting recent developments m the experimental production 
of goitre has been its definite production in rabbits by the 
feeding of cabbage The work lias been clucfiy carried out from 
PUB onvmds by \\ ebster and Chesney m Baltimore and Marine 
m Isew \ork and their respective co workers (35C) 

The work originally started in the incidental observation 
that the average weight of the thyroids of rabbits that were 
being kept for studies in experimental syphilis was much 
greater than normal In most instances the necks of these 
animals bulged producing a dew lapped appearance The 
glands were soft and highly vascular and pathologically were 
typical diffuse parenchymatous struma Microscopically they 
showed a simple diffuse hyperplasia The rabbits were of 
various common breeds and their diet consisted of a daily 
ration of 250 grams of cabbage and a weekly ration of 20 grams 
of hav and 50 grams of oats 

Controlled experiments showed that the cabbage in the diet 
was the goitngemc factor Possible insanitary conditions and 
the local water were ruled out Addition of a small amount 
of iodine to the diet completely prevented the development of 
goitre 
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Later 'work b\ y arious im estigators maj be summed up as 
follows Cabbage grown at different places and at the same 
place at different times exhibits different grades of goitrigeme 
activity In the Eastern United States goitrigeme properties 
appear in the growing cabbage early in November The iodine 
content is not a factor (356) Cabbage grown in India (210) 
and in Great Britain (318) also shows goitrigeme properties, 
y ary mg with season New Zealand cabbage is goitrigeme 
but to a less degree (149) 

Brussels sprouts and cauhlloyyer are goitrigeme, but \ arious 
other members of the Brassica group of \ egetables are not (356) 
Rats seem to be more resistant than rabbits to such agencies 
(168) but Blum has succeeded in producing goitre in both rats 
and guinea pigs on a cabbage diet (375) He has also obser\ ed 
that the young from female rabbits fed cabbage during 
pregnancy are goitrous His piper contains some excellent 
illustrations Sov bean and ground nut are goitngemc to rats 
(209, cf 410) 

Cabbage dried m vacuo or in air or extracted with ether or 
acetone, loses its goitrigeme power The specific agent is not 
readily soluble in water e\en at 100° C Mild acid hj droll sis 
does not destroy it alkaline hulroljsis destroys it to a slight 
extent (356) 

The actiy e material is behey cd to be glucosidic in character, 
but attempts to extract such a glucoside hay e been unsuccessful 
Since howeser, it is known that cyanides are components of 
the ghicosides in such y egetables Marine and his associates 
injected yanous organic cyanides into young rabbits Goitres 
were produced and e\ en exophthalmos (242) Marine belieyes 
that such goitres are produced through the intermediation of 
the pituitary (cf Chapter \ III) 

Early in the experiments it yvas found that the respiratory 
metabolism of the goitrous rabbits was 18 to 20 per cent 
below that of normal controls Addition of 7 5 mg daily of 
potassium iodide (a rather large dose) to the diet of a group 
with large goitres caused an increase in heat production to 
two or three times the normal ley el fall of l>ody weight and 
death within forty eight to se\ ent\ tyyo hours Smaller doses 
of iodide to animals yy ith smaller goitres gay e more controllable 
and non fatal effects of the same nature Such effects are 
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obv lously due to increased output of the thyro d principle the 
decree of increased output was proportional to the amount of 
iodide fed These experiments with such hyperplastic glands 
are believed to throw light upon the causation of so called 

iodine Basedow (see p 73) 

The Causes of Endemic Goitre At present it is not possible 
to state the etiology of endemic goitre accurately and precisely 
but it seems justifiable to conclude that it can arise from more 
than one cause The possible causes include lack of iodine too 
great a calcium content m the diet an unbalanced diet (with 
possible association with a deficiency of vitamin A) some 
goitngemc factor (probablj glucoside liberating cyanide) in 
cabbage and a water borne infective agency home of these 
potential causes inaj be effective alone others may only be 
contributory causes 

Joll stresses the desirab lity of considering sporadic goitre 
when discussing the etiology of goitre (174) He does not 
believe that it ean be considered ns the result of a temporary 
insufficiency of iodine caused bj infection or improper diet 
Nor does he think that sporadic goitre in reality merely 
represents a low endemtcity Howcv er m McCarrison s dietary 
experiments only a small proportion of his rats developed 
goitre Some rabbits exhibit much more resistance to the 
goitrigemc elTect of cabbage than others Remembering such 
individual variation in resistance it seems possible that 
sporadic goitre may also be accounted for by some one or other 
of the causes just 1 sted Nevertheless there seems to be the 
possibility of a genoty pical factor which renders certain 
families more susceptible to these causes (253) 

Ucko (415) 1 as marshalled the evidence against the theory of 
iodine insuffic ency The British Committee on iodine deficiency 
and thyroid disease (3"9) from studies of the relationship of 
the iodine contents of w ater milk and pasture to the occurrence 
of endemic goitre m two English districts eonf rm the relation 
ship of environmental deficiency of iodine to incidence of goitre 
but const ler that there is no conclusive proof that this is the 
sole cause \\ al U erg (417) in a recently j ubhshed study of 
goitre in Finl uid considers that both relative def ciei cy of 
iodine and excess of calcium play rblcs winch are however 
probably more aggrav atmg than causal He thinks that other 
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important factors are low standard of living and familial 
disposition while other factors may still be unknown 

Marine’s considered opinion concerning the etiology of goitre 
written in 1935 (241) should be quoted “ Goitre is a deficiency 
disease due to an insufficient supply of iodine This iodine 
deficiency may be relative or absolute and may result from 
(i) factors that increase the needs of the body for thyroxine, 
such as puberty , pregnancy, the menopause, certain infections 
and intoxications exposure to cold, excess of certain substances 
in the dietary, including fats, proteins and calcium (the ratios 
of the latter with phosphorus and magnesium are also impor 
tant), and deficient oxidation (for instance, thyroid reaction m 
anaemias or in the presence of oxygen deficiency such as occurs 
at high altitudes), (u) factors that interfere with the absorption 
or utilization of a normal intake of iodine, and (in) factors 
that bring about an abnormally low intake of iodine ' 

Of more importance than the actual cause of goitre is the 
undoubted fact that, with the perhaps doubtful exception of 
“ lymph adenoid ” goitre produced by lack of vitamm A, 
a sufficiency of iodine in the diet prevents the production 
of goitre Iodine acts as a shield against endemic goitre, and 
iodine prophylaxis is the most important preientne measure 

Methods of Administration of Iodine The best method of 
prophylactic administration of iodine depends upon whether 
the incidence of goitre is so great and widespread as to make 
the problem of its treatment a community one or not In 
certain Cantons of Switzerland in large areas of New Zealand, 
m a large part of the Central and North W estern United States 
and in Canada from east of the Great Lakes to the Pacific coast, 
goitre menaces the community through the fact that the iodine 
intake of the average individual, unless fortified artificially, 
falls below the minimum protective level It is immaterial 
whether the view be taken that the lack of iodine is causative 
of goitre or merely that presence of iodine protects against 
goitre W herev er endemic goitre occurs or can occur the whole 
population can only be protected if the whole population 
be treated The best means vanes with the size and distribution 
of that population 

It lias been suggested by different writers that iodine should 
be administered either as potassium or sodium iodide (weighed 



64 THl ROID GLAND AND IODINE METABOLISM 

amounts m solution or in tablet form, chocolate coated or 
otherwise rendered palatable to the young) or as an iodized 
fat (lodostarm) similarly presented or ns iodide added to the 
drinking water of the community or as iodide added to table 
salt for bulk treatment of still larger communities or even whole 
nations or bv adding to the soil iodine containing fertilizers in 
order to increase the iodine content of v egctables or by feeding 
iodide to cattle to increase the iodine content of milk or by 
encouraging the whole population to eat more marine foods 
since these are rich sources of iodine 

Ml such methods are reasonably sound as fur as the individual 
is concerned They arc not equally good when considering 
the w elfare of large communities and the cost of administration 
In treating large units of population it is essential to pres ent 
endemic goitre and associated cretinism that the pregnant 
woman receive an adequate amount of iodine during her 
pregnancy and that the growing child be adequately supplied 
The iodine supply of adult man cannot be merely taken as a 
ni ittcr of course 

Feeding iodine to cattle suitable manuring of soil and 
increased consumption of marine products are all uncontrollable 
methods and unduly increase the cost of lodiz&tion of a 
community The first two are wasteful procedures Iodization 
of water supply means duplication for each community and 
does not reach a rural population Tablet methods used largely 
in schools concern only the school population and have 
disadvantages even for it The body requires an adequate 
daily supply of iodine throughout life for normal thyroid 
activity To recognize the deficiency and to supply it during 
the school period only subject to the caprice of the parent is 
unsound (150) The prophylaxis of a disease ought 
to be remov ed as far as possible from any initiative on the part 
of the individual for how difficult it is to carry out a hygienic 
measure against the want of intelligence of mankind can be 
understood from the difficulties against which for example 
v icetnation has at the present day to combat m many 
places (172) 

From such considerations the great majority of investigators 
seem to be agreed that the iodization of all salt used for table 
and culinary purposes is the ideal procedure for treating the 
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larger community units It is therefore pertinent to inquire 
what is the best dosage of iodine 
Correct Dosage of Iodine The amount of iodide added to 
salt has a aried m different countries from 1 part of sodium or 
potassium iodide to from 5 000 to 200 000 parts of salt Some 
idea of the optimal amount is gi\en by studies of the iodine 
con tent of foods m goitrous and non goitrous districts (10 j 151) 
and from comparisons of urine iodine content in such districts 
Eggenberger s conclusions presented to the Second Inter 
national Goitre Congress in 1933 (22o) are that the necessary 
quantity for daily use is 1 or 2 mierograms per kg body weight 
and that if the average dail\ intake is less than 1 nucrogram 
the danger of goitre exists If about 2 micrograms per kg be 
ingested there is then no danger of goitre even if susceptibility 
is increased bv infectious disease or high fat or high cabbage 
diet Iodized salt in proportion of 1 to 100 000 will give this 
safe ratio 

Potential Danger from Ingestion of Iodine The problem 
of w idespread lodization of salt and still further the question 
of the desirability of compulsorv lodization demand considers 
tion of the possible existence of danger to any section of the 
community by such treatment 

Experimental results follow mg dosage ev en greater than that 
involved m a 1 5 000 ratio suggest beneficial effects to normal 
animals rather than the reverse Rats and pigs grow faster (13" 
100) When a little iodide is fed continuously to sows during 
pregnancy the litters are improved and grow more rapidly (3a7) 
Cattle and goats giv e an increased y leld of milk (306) 
PreviousK sterile cows produce normal calves (271) The 
increase m rate of growth is attributed to a slight depressant 
effect of small dosage on metabolic activ lty (153 207) 

It has been generally recognized from the time w hen Coindet 
f rst used iodine in the treatment of goitre, until Kocher again 
stressed the point m 1910 (18G) that oier dosage of iodine may 
induce a marked hyperthyroid condition in a goitre prev jouslv 
non toxic It Jjv no means follows although the assumption 
is frequently made that the use of a properly iodized table salt 
will lead to such hyperthyroidism Much has been written on 
this subject and much of what has been written is polemical 
Probably the pertinent facts and justifiable conclusions are 
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summed up by the tv o following quotations from Maranon (237) 
and v on Jaiiregg (172) 

“ We have observ ed quite frequently the appearance of types 
of secondary hyperthyroidism in endemic goitre Sometimes 
they appear spontaneously, especially during the critical 
period, but almost always they are due to exaggerated cures with 
ihyroidm, or iodine, or its dentatnes, vhich have been dispensed 
as a treatment of goitre itself, or for other reasons, principally 
against obesity. T1V hate noticed symptoms (of hyper- 
thyroidism following administration of iodine) only tn the cases 
that had been treated with enormous quantities of iodine, and neier 
tn the cases where judicious doses were dispensed, or tome 
preparation of iodized Kitchen salt ” 

“ It is a fact that individual authenticated iodine injuries 
have occurred through the use of complete salt (i e , iodized 
salt) only The Swiss official inquiries (show) . that 

they appear spontaneously only very slightly more frequently 
than such so called thyrotoxicoses occur with a population 
that does not consume complete salt ” 

It it be admitted that the ingestion of iodized salt is a 
potential danger to persons with non toxic goitres, even though 
that danger be negligibly slight, it follows that lodization 
should be reduced to that low optimum limit (I 100,000) which 
experience has shown is quite efficient in prophylaxis (51) 

Too great a stress on the potential danger has led to restric- 
tions in the use of iodized salt in Austria and elsewhere, 
restrictions deplored by authorities on goitre (173, 100, 14) 
Fischler (100) reports that in one district in Bavaria in 1928, 
when iodized salt was in full use only 6 per cent, of the children 
were goitrous, while m 1033, after the mischievous propaganda 
against it had lessened its use, 52 per cent were goitrous 
Perhaps the best argument in favour of iodized salt, in spite 
of possible risk to patients with non toxic adenoma, is the 
ten years’ report on treatment m Michigan (228) While for 
the first two years the number of cases of toxic adenoma 
operated on increased, subsequently the number of cases of 
both toxic diffuse and toxic nodular goitre operated on have 
rapidly and steadily decreased, whence it seems reasonable 
to assume that both types of toxic goitre are less apt to occur 
when there has been no previous enlargement of the thyroid. 
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W ith this may be compared McClendon s finding (223) that m 
Japan although the countn as a whole is almost non goitrous 
where the iodine intake is unlimited \ et m certain districts 
removed from the sea and without eas\ facility of commumca 
tion both non toxic and toxic goitres exist in similar ratios to 
those found elsewhere 1 

The Treatment of Endemic Goitre As the results that 
has e been quoted indicate iodine administration leads in a 
large proportion of cases to the disappearance of an established 
goitre blit this beneficial result is not so consistent!} attained 
as pres ention Plummer and others ha\e treated non to\ c 
goitre in adolescents and children with small doses of desiccated 
thyroid or of thyroxine and base obtained good results 
indicating that these are more effective than iodine (2"' J 183 
103) There would seem to be some slight possibility of thvroid 
imbalance ultimatelj resulting from such treatment (o3) 
Jolt (174) reports his own disappointing results with desiccated 
thyroid and with thyroxine A few of the verv small soft 
goitres have diminished or disappeared but in no instance has 
a large colloid or nodular goitre shown am diminution which 
could be measured b\ calipers or detected bj palpation He 
found that large doses of intestinal disinfectants were of no 
value (rf p 45) 


The Hypothyroid State 

Little advance has been made in recent years m the study 
of hy perthyroidi5m bevond perhaps the differentiation of a 
hy'pothyroid state in adults which is distinct from myxoedema 
and an interesting theorv of the causation of myxoedema 
itself It can be regarded as well established that the sy ndrome 
of cretinism results from thyroid deficiency in the child and 
young animal while that of myxoedema arises from such 
deficiency m the adult whether that be caused by decrease in 
thyroid function through some pathology of the gland or 
through too great a remov al of thvroid tissue by thyroidectomy 
It can also be regarded as established that administration of 

1 Head has studied the incidence of Graves disease throughout the 
Lmted States II s findings tnd cate its presence in regions where endemic 
goitre is unknown suggesting that there » no common etiology to the two 
conditions (40o) 
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thyroid restores myxoederaatous individuals to comparatively 
normal physical and mental health so long as that admmistra 
tion is maintained and unprox es and max complete!) restore 
the normal physical condition of cretins although its effect on 
their mentality depends upon commencement of treatment 
at a very early age 

Myxoedema Murray , who was the first to administer 

thyroid to myxoedematous patients (m 1891) made a final 
report on the first case in 1920(201) She enjoyed excellent 
health until early in 1019 when she developed oedema of 
the legs and died in May of that vear at the age of seventy four 
from cardiac failure A final report on a long treated and 
spectacular case was made by H M Raven in 1924(283), 
lus father had published earlier reports on this case in 1894 and 
1897 Mrs S developed myxoedema in 1870 at the age of 
forty one no treatment was instituted for over twenty years 
At the end of this period she was bedridden bald, and demented 
Treatment with thyroid extract was commenced in 1893, 
within fifteen months she was practically normal even to 
well marked growth of hair She continued a normal existence 
until 1924 living ‘to a ripe old age — happy, healthy, and 
mentally active, and finally dying of bronchitis The photo 
graphs of this patient are particularly interesting, and are 
reproduced m Fig 2 

If the conclusions of McCamson (cf p 50) and of W ilkamson 
and Pearse (p 42) can be accepted, myxoedema is to he regarded 
as the final outcome of a process initiated by a faulty diet, 
especially deficient in v itamin A Further cv jdence is necessary 
before their v lews can be accepted 

"When thyroid is administered to myxoedematous patients 
m non toxic amounts it has no specific effect in reducing body 
w eight, except to the extent that it dissipates my xoedematous 
deposits and causes elimination of abnormal accumulation of 
fluid By its effect on nutrition it may actually cause a gain m 
weight as basal metabolism becomes normal Progressive and 
continued loss of weight following its administration indicates 
too great a dosage It has no specific directional influence upon 
vascular tension, but through its influence upon nutrition it 
tends to bring either high or low blood pressure back to normal 
In therapeutic doses thyroid has two effects on the heart — it 
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increases its -work prompth and rapidl} and improtes its 
nutrition slots 1} Therefore signs of cardiac insufficiency do not 
contraindicate its administration but do emphasize the need 



C D 

Fig 2 Thirty jean successful treatment of a case of 
myxoedema with thyroid gland t Condition before 
treatment aged 6 j B After five weeks treatment 
C After fifteen months treatment D At age 04 after 
about thirty years treatment (tromltasen Brit Med J 
October 4tli 19"4 ) 






CO THYROID GLAND AND IODINE METABOLISM 

for care m its use and adequate curtailment of the patient s 
activities (197) Anginal pam sometimes occurs following 
thyroid administration (103) The prole m content of the 
cerebrospinal fluid is stated to be high in most cases of 
myvoedema so that m rare instances this condition may be 
confused with bram tumour Following administration of 
thyroid the concentration of protein usually drops to within 
normal limits (334) 

The widely different pictures presented by my xoedematous 
patients are well indicated by the series of 5 cases reported 
by Ravin (404) 

The importance of bone age studies in diagnosis of child 
hood my xoetlema has been stressed by Lisser, Shelton, and 
others (55) 

Thyroid Dosage in Myxoedema This will vary with the 
grade of the myxoedema, to which the basal metabolic rate 
is the most accessible clue In all probability it is wise to 
start with such a dosage as continued will slowly restore a 
normal basal rate, several weeks being required to bring this 
about While individual requirements will undoubtedly vary 
(cf Chapter I) the analysis of results b> Means and Lerman (248) 
from study of a large number of cases with complete myxoedema 
undoubtedly prov ides a useful guide The salient features of 
their data are reproduced in Fig 8 (slightly altered from their 
diagram) and it is necessary to insist with them, that it 
presents a generalization portraying approximately what 
happens in most cases, and not precisely what happens, unless 
by chance, m any single case 

Although 8 5 dnodothyronine is much less active than thyroxine, 
its use has been suggested in my xoedema A dosage of 50 to 75 mg 
per day, orally, has been found to restore to normal and control 
severe cases This is over fifty times the requisite corresponding 
close of thyroxine The action of dnodothyronine may be due to 
partial conversion to thyroxine by the thyroid The dosage quoted 
does not produce toxic symptoms and the compound is stable and 
easily obtained (10) Implantation of thyroxine pellets does not 
control myxoedema, since absorption is insufficiently rapid (385A) 

Non-myxoedematous Hypothyroidism in Adults Attention 
has been drawn to this syndrome by numerous recent writers 
(853, 232, 233, 319, 49, 194, 354) The main features which 
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seem to be agreed upon are a tired worn out feeling, undue 
fitiguability. Joss of strength, nervousness, and v ague pains 
Shin, hair and nail changes maj be present , the patient 


BMR 



Fig 1 Diagram showing the approximate relationships 
between basal metabolic rate and dailj thyroid dosage 
(m grains of thyroid ISP containing 0 2 per cent iodine) 
in i atients initially with complete myx oedema The decay 
curve indicates the BMR response to be expected following 
discontinuance of thyroid administration to a balanced 
myxoedematous patient or complete extirpation of the 
thyroid of a person with a normal B M 11 (Modified from 
Chart 1 Means ai <1 Lerman Irch hit Med 10*1/ lv 1 ) 

may be sensitive to cold Constipation and susceptibility to 
the slightest infection are frequently noted and in women, 
spare or profuse menstruation A low basal metabolic rate 
is a constant factor Wien it is not below — 20 per cent 
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the gastric acidity is normal With lower rates it is sub 
normal or achlorhydria is present Hates as low as — 30 per 
cent have been reported although Lahey has only seen one 
patient with a Tate below — 25 per cent who did not exhibit 
frank myxoedema lie claims that in this group only those 
patients w hose blood cholesterol exceeds 0 2 per cent are 
benefited by thvroid treatment 1 

To what extent such a group of cases should be considered 
as a separate syndrome or as exhibiting conditions due to a 
thyroid failing in function so that ultimately frank my xoedema 
will result or as merely exhibiting gastrointestinal disturbances 
leading to an undcrnutrition that can cause a lowered basal 
rate remains to be determined We bad m the hospital to 
which I am attached some years ago a number of pupil nurses 
who exhibited a definitely low basal rate and \ arious minor 
symptoms resulting from voluntary undernutrition due to the 
then current fashion of reducing Compulsory correct 
dieting enused the disappearance of this type of case (77 310) 

Occasionally a case of masked hy pothy roidism presents itself 
with complaint of abdominal pan) and exhibits low blood 
pressure leukopenia and low basal metabolism it is drwnati 
rally benefited by thy roid therapy (373 \) 

Atypical forms of myxoedema have been described 
accompanied by rheumatoid pains or severe menorrhagia or 
metrorrhagia anaemia or obesity (32) Thyroid insufficiency 
is sometimes most strikingly show n through malfunctioning of 
the brain cells Depression apprehension slowness of thought 
and slowness of bodily movement produce a condition which 
may be easily mistaken for a depressed psy'chosis Irritability 
and excitement ma\ be sufficient to suggest a disordered 
mentality thought distortion with hallucinations and 
delusions may suggest dementia praccox (10 )) 4 

1 Closely related are a group of coses in l hich somcwliat sim lar 
symptoms are associated with nodular goitres (which produce jrcssure 
symptoms in add lion) the basal melabol c rate 1 1 tl esc cases is normal 
or subnormal Tl e sy n ptoms are not due to deficiency of thyroid 
secretion s ncc removal of the go tre causes their d sappearance while in 
cases in wh eh the basal n etabol c rate is s ibnorrml it increases to normal 
following the operation (71 103) 

1 It is perl sps not witho it Bign fieance In this connection that benef cisl 
results have been reported following the treatment of cases d agnosed as 
dementia praccox with thyroid (161) 
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Indian writers report that the abortion frequent in women 
exhibiting hypo thy rouhsm can often be prevented by 
administration of thyroid (2o8) 

Two cases of keratodermia of hands and feet associated with 
a hypothyroid state and showing marked improvement 
following thyroid treatment have recently been reported (378) 
The Heart in Myxoedema An enlargement of the heart 
sometimes accompanying myxoedema was apparenth first 
described by H Zondek m 1918 (370) and has since been 
referred to by a number of other clinicians (101 15 125 245 
116) The enlargement can be greater than in any other 
condition there is often a resemblance to a pericardial 
effusion 1 The heart change is characterized by generalized 
dilatation which may m part be due to oedema of heart 
muscle Its action is sometimes very indolent and there 
may be cardiac insufficiency The electrocardiogram shows 
a low T wave There is often remarkable shrinkage towards 
normal size with restoration of normal action following 
thyroid therapy Digitalis therapy has no effect Auricular 
fibrillation has been reported in one case with a basal rate 
of — 41 per cent In this case thy roid therapy had no effect 
on the fibnjlation (349) 

Cretinism A good example of both physical and mental 
benefit following administration of thyroid to a cretin from 
an early age has been reported by Close (65) whose 
excellent results are well shown by the photographs in hig 4 
Kerley (392) has recorded an excellent senes of cases under 
observation from infancy to early adult life Gesell (385) has 
also published a similar interesting clinical study 

While there are individual variations in the intellectual 
level reached by children under treatment good results are 
obtained with those who have normal birth and develop 
mental histories and have developed thyroid deficiency later 
in life following infectious disease provided treatment is 
persistent (48) (Cf also 394 ) 

Thyroid therapy in underdeveloped children is stated to 
produce a definite increase in height and in dental and bone 

* In at least some cases the apparent enlargement is due to chronic 
pericardial effusion These also respond to thyroid therapy (110) 
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development, even though the basal metabolic rate is not 
increased (338) 

The Thyroid and Rickets Thyroidectomy in very young animals 
is Raid to produce n condition strongly simul iting rickets . this 
condition is not benefited by feeding cod liver oil (103) There is 
some evidence of lowered thyroid function in human rickets, as 
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1 ig 4 \ case of cretinism (.ucicssf illy treated with thyroid 

1 Lighlcen months old Large umt ihcial hernia Just 
befori treatment commenced II Twenty three months 
old The 1 erma has disappeared C Thirty-eight months 
old D Sixty six months old Weight 40 lb Height 
41! inches Practically norm il both physically and mentally 
(l’rom Close Guy 3 Hospital Iteporls 1012 Ixvxu 15o ) 

judged by a very low blood iodine value 2 to 5y instead of over 
7y per cent Administration of vitamin D preparations not only 
improv es the rickets but restores the blood iodine to normal limits 
Injection of thyroxine into rachitic Tats heals the rickets (2<V>) 

Nephritic Conditions and Thyroid Hypofunction Tint type 
of nepltrosis m which marked oedema albuminuria and 
hypcrtholesterolaenna are accompanied by a lowered basal 



THE H YPERTH YHOID STATE 65 

rate, an entity which Epstein termed “ chronic nephrosis ” 
and Monk “ lipoid nephrosis,' and in which at least a proportion 
of cases coming to autopsy exhibit degeneration of the kidney 
tubules, has sometimes been regarded as of thyroid origin, 
since it is markedly benefited by thyroid treatment (08) The 
condition is not one of myxoedema Recent work suggests an 
etiology unrelated to the thyroid, and still another condition 
which can cause a lowered basal metabolism Low basal 
metabolic rates are exhibited by patients m the second or 
chronic stage of glomerular nephritis (azotaemic nephritis) and 
m true nephrosis The oedema in both conditions has been 
shown to be due to chronic hy poproteinacmia resulting from 
the albuminuria Such chronic hypoprotemaemia expen 
mentally produced in dogs results in marked oedema, and this 
is accompanied by a lowered basal rate (17) 

The changed etiology does not necessarily exclude thyroid 
treatment, which has produced excellent palliative results 
for several years m such cases (ef 82), Boothby however, 
considers that it is not indicated unless there is an associated 
myxoedema (38) 


The Hyperthyroid State 

The Classification and Etiology of Hyperthyroid States 
Marine has emphasized the importance of recurring physio 
logical cycles as explanatory of the various forms of goitre 
Thus 

Normal thyroid — > hypertrophy -— >■ hyperplasia — > 
exhaustion atrophy or involution to colloid state — > hyper 
trophy —v hyperplasia — > atrophy or involution to colloid 
state, etc 

He considers that if, during such cycles, a sufficient degree 
of hyperplasia occurs, the picture of Graves’ disease may 
ultimately be seen 

The opposing v lews of Marine (238, 23a) and of Plummer 
(278, 36) concerning the unity or otherwise of hyperthyroid 
states have still to be reconciled Marine considers that 
hyperthyroidism is but one entity, a disease of the nervous 
system ui which the v isceral nerv ous sy stem is most prominently 
involved, and which is characterized by a profound disturbance 
z. fpoc 3 
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of the regulator} control and functional interactions of nil 
organ activities its most prominent manifestations being 
increased metabolism of thyroid origin gcnernl asthenia 
tachycardia and moderate thyroid enlargement lie insists 
that it is necessary to look beyond the thyroid for the primary 
disturbance He admits that the disease may well be divided 
into acute and chrome forms but prefers to reject such terms as 
tow adenoma adenomatous goitre talk hyperthyroidism and 
tl yrotoxicosis He considers that the histological changes nrc 
constant but not specific and that the presence of hyperplasia 
of lymphoblastic tissue (cf Plummers view) should not he 
stressed since it occurs also m Addison s disease and in status 
ly mphaticus and may be merely an antagonistic or compensa 
tor} reaction He believes (adversely to \\ arthin and otl ers) 
that the disease can be acquired especially by vv omen in middle 
life though cases m early life may be associated with an 
inherited or constitutional condition 

In his earlier papers m considering the etiology of the disease 
he stressed potential interrelationships with the adrenal cortex 
and the gonads in a recent paper he lias outlined a possible 
intermediate channel through the anterior pituitary (cf 
Chapter ^ III) 

riummer believed that there are two distinct entities in 
hyperthyroidism exophthalmic goitre (Graves disease) 
associated with thyroid hyperplasia (diffuse hypertrophv ) 
and a hypertliy roid state developing from non hy per| lastic 
goitre — localized hypertrophy an adenoma The latter may 
therefore be termed hy perfuncfjonmg adenomatous goitre 
Mixed types of gland are possible and approximately 20 per 
cent of cases of Graves disease are superimposed on old 
adenomatous go tres The onset of Grav es disease is rclativ ely 
acute and the cause fairly der mte It is characterized by the 
nervous phenomena and the eye symptoms In hyper 
functioning adenomatous goitre the toxic symptoms — 
nervousness tremor loss of strength and weight — develop 
slowly and insidiously over a period of years 

The hyperfunctioning of exophthalmic goitre is considered 
to be caused by hyperfunction of the whole gland while that 
of adenomatous goitre is caused by a localized reaction m the 
gland 
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Plummer pointed out that patients operated on for adeno 
matous goitre scarcely e\ er ha\ e a recurrence of the condition , 
recurrences are much more frequent a ith exophthalmic goitre 
Between 2 000 and 2 600 cases exhibited hyperthyroidism out 
of 9 362 with adenomatous goitre at the Mayo Chmc between 
1912-21 There Here only three second resections Of 4 992 
cases of exophthalmic goitre, 326 came to subsequent second 
operation 

Plummer considered that m Graves disease the thyroxine 
produced by the thyroid was not completely iodized, and the 
incomplete product was more toxic and accelerated metabolism 
more rapidly Hence he was led to administer Lugol s solution 
post operate ely, with the idea of stimulating complete lodiza 
tion and thereby he almost completely abolished post operativ e 
deaths Subsequently he used the treatment pre operatively 
w ith still further benefit IN e now know that his conception 
of an incomplete thyroxine was unsound and based upon the 
then faulty conception of its constitution It has been show n 
that the activity of incompletely iodized thyroxine is of the 
same type but much less m degree than that of thyroxine 
itself, while no change has been produced in thyroxine which 
causes development of any toxic properties (1 39) The benefit 
resulting from the use of Lugol s solution remains a prosed 
fact although as will be seen later, the way in which this 
benefit is produced remains unexplained 

W hether or not Plummer s theory of tw o ty pes of hyper 
thyroidism is correct (and ev en Marine is forced to admit some 
degree of differentiation) it is of great service in stressing the 
probability that hyperthyroidism can arise from more than one 
cause The nomenclature probably requires rev lsion 1 

1 Rienhoft (204) has written In the larger proportion of nodular 
goitre with hyperthyro dism the nodular element is certainly not due 
to adenomata in the true sense of a neoplasm If one examines the 
patients thyroid and dwcosers a nodular enlargement one cannot felt 
chmcallj which group these nodules belong to the greater chance is 
against the nodule or nodules being a neoplasm or an adenoma The only 
logical and seientiflcallj correct foundation for a clinical diagnosis is 

Nodular Goitre with or without hyperthyroidism as the signs and 
svmj toms may suggest or in case the enlargement be smooth and 
diffuse the term l)iffuse Goitre with or without hyperthyroidism is 
equally correct TJ e terms Toxic Adenoma and Hyperfune 
tioning \denomatous Goitre are misleading and incorrect 
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J oil’s common sense -view seems to sum up the present 
situation (174) “ It is convenient to male a distinction 
between exophthalmic goitre nnd other toxic goitres, because 
the former is generally an exceptionally well defined disease, 
and is also at any rate m my experience, far more common 
than are the other forms of thyrotoxicosis Exophthalmic 
goitre is a disease which, whether due to causes intrinsic in the 
thyroid or of extra thyroid origin, affects persons prev musty 
free from goitrous taint It can therefore he designated primary 

Tadle III 

Symploms and Findings m Hyperihyroid Conditions 


Tachycardia 

Sam# nervous vxcltgl lllty 
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perspiration. 
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Uaatrolntestlnal crises 
No hypertea Ion 


Toxic Adenoma 


How Insidious onset ot 
lymyAon* fottomViiS 
. enlargement 
Hsre In tho young 

| Tadycardta 
No thrills or bruits 
I Nervous phenomena slight 
1 lar enlarged thyroid 


| Dyspnoea 
Fatigue 

Lxophthalmos rare 
I No gastrointestinal crises 
| Ten leticy to hypertension 
1 * Teased DVR (which 
■srcJy exceeds + 80 per 


toxic goitre, and since alt other forms of thyrotoxicosis occur in 
persons bearing goitrous glands of different types, they may 
conveniently be classified as secondary ' 

With this however, may be contrasted Means’ opinion (SOS) 
“Although, within the group at least too fairly cleanout 
different types emerge Graves and Plummer s, we have given 
up anv attempt at more than tentative subdivision because 
of the great number of intermediate forms connecting the two 
extreme types by an unbroken senes and because of the 
absence of any evidence that more than one etiologic factor 
produces the clinical picture ’* 
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Since many writers on hjperthyrojd diseases do not accept 
the differentiation, some part of the literature is difficult of 
analysis Some assistance in differentiation and in considering 
etiology may perhaps be obtained by comparing the results of 
thyroid administration to animals and man (pure hyper- 
thyroidism) with the symptoms and signs in exophthalmic 
goitre (Grav es’ disease) and in toxic adenoma (adenomatous 
goitre with hvpertliy roidism, secondary toxic goitre), as shown 
in Table III, based largely on Boothby (34), Joll (174), and 
Sharpcy Schafer (312) 

Graves' Disease was first described by Party in 1786, then 
by Flajam (1802), Graves (1835) and Basedow (1840), all 
independently (312) It is termed most frequently, and 
least correctly, exophthalmic goitre, since it can occur without 
exophthalmos, and without perceptible enlargement of the 
thyroid The contrast that has just been made suggests 
that certain symptoms are present w Inch are not due to pure 
hyperthyroidism but indicate that the initial cause of the 
disease lies outside the thyroid gland itself Numerous 
etiologies ha\e been suggested Of these Plummer’s, that 
a penerted secretion is produced, is based upon incorrect 
chemical conceptions and must be rejected Theories have 
been put forward that it is of bacterial origin, of nervous 
origin, of constitutional origin and results from disturbances 
of the adrenals and ovaries There is great probability that 
one of the principles of the anterior pituitarv is also involved 
(cf. Chapter VIII) 

Observations which support a bacterial origin, such as the 
reported isolation of specific organisms (157, 196), or the 
production of h> perthy roid conditions following experimentally 
produced infections (364, 252), do not bear specifically upon 
Graves’ disease, and indeed while infectious disease may 
have a definite effect upon the thyToid picture, the 
changes seem to be non specific and may even suggest a 
hypofunetion (198) 

The idea that the disease may be of nerv ous origin is obv lously 
suggested by the nervous phenomena associated with it It 
lias been supported by several recent writers (363, 369, 316, cf 
also 165, 42) The nature of the nervous control of the thyroid 
is still not clear (cf p 35) 
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That a constitutional factor exists, as Warthin originally 
suggested (although perhaps merely as an inherited thyroid 
weakness as Cockayne thinks (07) rather than inheritance of 
the disease itself), is supported by the actual, though rare, 
occurrence of the disease in very young children (cf ,e g , 114, 95) 
and occasional histological appearances in foetal thyroids 
which suggest the disease (2), although the effect of infection is 
not ruled out in these cases 

Schereschewsky has made a careful clinical study of the 
disease in children (807), and believes that in them it develops 
most frequently following infections, especially of the naso 
pharynx, and that the etiology in the child and in the adult 
tend to be different In children the disease can ev olve rapidlj , 
can become established within a feu days, and can disappear 
as rapidly They seldom, exhibit exophthalmos or tremor 
Characteristic choreic movements may be present 
In adult cases the constitutional and neural aspects of the 
disease and its association with psychic traumatism are some- 
times emphasized (41, 42), but possibly the peculiar nervous 
and psychic manifestations can be as satisfactorily explained 
by exaggeration of customary' reactions of emotional!} unstable 
patients, due to the disease (334), or to relationship with sex 
epochs (154) The possibility that endogenous organic cyanides 
play' a r 6le cannot be excluded (cf Chapter VIII) 

Malnutrition (induced, for example, by an excessive reducing 
r/gime for obesity) may cause or precipitate a thyrotoxic 
condition (399) 

Studies of the variable electrical excitability of the median 
nerve following operations for hyperthyroid conditions (130), 
and of the respective blood pictures in Graves’ disease and in 
induced hyperthyroidism (101), both indicate that Graves* 
disease is not a pure hyperthyroidism 

It seems to be reasonable to conclude that Graves’ disease 
has no single etiology but that it can arise from the influence 
of a number of different factors, which may but do not 
necessarily include a hereditary predisposition 
The disease can occur m absence of exophthalmos and of 
visible goitre, and even perhaps in absence of a measurably 
increased basal metabolic rate 13 ram found ( 42) in a study 
of over 4,09*1 cases, exophthalmos absent m 12 per cent , 
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thyroid enlargement absent m about 20 per cent , and both 
absent in 9 per cent The basal metabolic rate prior to operation 
■was stated to be low in about 0 5 per cent (Cf also 124 ) In 
“ mashed hyperthyroidism ” the hyperth) roid condition is 
obscured, either through absence or but slight indication of 
expected features, as just indicated, or by their ov ershadov. ing 
through some secondary condition such as heart failure In 
some of such cases the basal metabolism fluctuates round a high 
normal v alue, and striking manifestations of hyperthyroidism 
are absent, though the chronicity of the condition may 
ultimatel) affect the heart deletenously, producing, for example, 
auricular fibrillation Other cases maj show complete absence 
of nen ous symptoms (cf 397) 

It has long been recognized that achlorhydria frequentlj 
accompanies hyperthyroid conditions It has recently been 
shown that it is a true achlorh\ dria Two thirds of fifty 
hyper thvro id patients remained achlorhj dric after histamine , 
the incidence was the same in Graves’ disease and in toxic 
adenoma Of 42 cases examined six months after thv roidectomj 
81 showed normal gastric acidit) {24a) 

Exophthalmos cannot be considered as a condition peculiar!) 
associated with hyperthyroidism It is true that it can be 
produced in some, though not in all laboraton animals b> 
artificial hyperthyroidism (192), and apparent!) markedl) so 
in the > oung of some species of fish (386) and that it occasional!) 
results in human beings from continued th) roid ov erdosage (40) 
Yet poisoning with methvl c)amde produces exophthalmos m 
thyioidectomized rabbits, while injection of the th) rotiopVnc 
hormone of the pituitary will produce it in both normal and 
thvToidectomized guinea pigs (cf Chapter \ III) There are a 
number of authenticated cases of Graves’ disease m which 
after removal of the thyroid, exophthalmos subsequent!) 
developed, at periods varying from three to twelve months 
with no later improvement In several of these the basal 
metabolic rate was below normal, while one exhibited definite 
m) xoedema (368) 

Justin Besanfon (177) has reccntl) reviewed the literature 
of exophthalmos critically lie considers that the condition 
exemplifies a neuro v egetativ e disturbance \\ hen cats are 
succcssiv el) injected w ith ephedrme and pilocarpine a consider 
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able degree of exophthalmos is induced without marked 
mydriasis, t e , the typical ej e condition of Graves’ disease 
Injection of thyroxine alone will not produce this effect, but 
when it is injected along with ephedrme and pilocarpine the 
thyroxine enhances their effects Thus the results of Justin 
Besanfon indicate that the hyperthyroid indiv idual is unusually 
susceptible to such disturbances of the sympathetic nenous 
sj stem as may result m exophthalmos 

He has shown further that administration of corynanthine 
(an isomer of the alkaloid yohimbine) causes retrogression of 
the exophthalmos in such experimental animals and has 
obtained good results by oral administration of this drug 
in some proportion of post operatn e cases of Graves’ 
disease 

Smelser (412) finds that injection of thyroxine produces 
beneficial effects in cases of exophthalmos artificially produced 
in thyroidectomized guinea pigs by injections of anterior 
pituitary extracts Daniels (380) attributes the production of 
exophthalmos to stimulation of centres in the diencephalon by 
the thyrotrophic hormone of the pituitary 

Brain (30) has described a condition which he terms 
“ exophthalmic ophthalmoplegia, ’ and considers can arise 
spontaneously, associated with slight symptoms of thyro 
toxicosis, or can occur after subtotal thyroidectomy He has 
further reported a case in which the patient (suffering from 
paralysis of the ocular sympathetic as a result of syrmgom) elia) 
dev eloped Graves’ disease with exophthalmos, and concludes 
that the sympathetic nervous system therefore plays no part in 
the production of the exophthalmos (The patient is stated to 
liave recov ered under medical treatment ) 

Naffziger (202) has described surgical treatment of cases of 
progressive exophthalmos following thyroidectomy (Cf also 
414 ) Brunton (375a) has recentlv discussed the anatomical 
mechanism inv olv ed in exophthalmos 
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1921 (34) “ About middle age the adenomatous tissue after 

a considerable quiescent period begins to furnish an excessive 
amount of the apparently normal thvroid hormone The 
underly mg cause or stimulus that activates the thyroid to 
adenomatous growth and over secretion is not known ” Various 
etiologies are possible A bacterial cause has been suggested (56) 
but seems unlikely There is some evidence that m women 
adenomata increase with an increasing number of child 
births (307a) 

The " lodme-Basedow " type of hyperthyroidism described 
by Kocher as resulting from the effect of treating goitres with 
iodine is possibly to be regarded as a toxic adenoma (35), but 
is more probably merely a transient hyperthyroidism , studies 
of the toxic action of iodine on hyperplastic thyroid glands 
produced by an excess diet of cabbage m rabbits (cf p 51) will 
probablj throw further light on this condition Children 
exhibiting the condition recover without operation following 
cessation of the iodine treatment (103) 

The Hyperthyroid Heart The consensus of recent opinion 
seems to be that hyperthyroidism per se has no toxic influence 
or direct pathological action on the heart although indirectly, 
it maj accelerate the development and progress of pathological 
lesions arising from other causes The heart m hyperthjToidism 
is suffering from its own accelerated metabolism and from the 
load thrown upon it bj the increased metabolism of the whole 
bod) Relief of the h) perthyroidism relieves the heart (163 
205 301, 12, 11, 75, 328 382) 

The Administration of Iodine in the Treatment of 
Graves' Disease 

Reference has alreadv been made to the earl) employment of 
iodine in the treatment of goitrous patients and its subsequent 
disuse following bad results from occasional overdosage (cf 
pp 45 55) Trousseau in 1863 accidentally employ ed tincture 
of iodine m a case of Graves disease and got good results 
Between 1020 and 1925 several papers were published recording 
definite clinical improv enient and lowered basal metabolic rate 
in patients with Graves disease following small doses of 
potassium iodide administered sev eral tunes dail) (263, 207, 78) 
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The introduction of Xugol's solution by Plummer led to the 
abandonment of treatment with potassium iodide. 1 

Plummer originally introduced use of Lugol’s solution as 
part of the post-operative treatment in Gra\ es’ disease , the 
beneficial results were so striking that its use was extended 
to the pre-operatne preparation of the patient; at once 
thyroidectomj bj a skilful surgeon became an almost negligible 
operative risk “When Lugol’s solution is given m 
exophthalmic goitre, there may be a marked drop in the basal 



riG 5 Response to iodine in Grases' disease The average 
basal metabolism before is compared with that after the 
usual course of Iodine in the form of Lugol’s solution 
The abscissae represent the overage time required for the 
characteristic response A total of 128 cases "'as disided 
into groups according to the pre iodine metabolic rates, 
each ten point nse defining a group (From Means, 
Thompson, and Thompson Tran t Assoc Am Physicians, 

1028 xlui 140 ) 

metabolic rate with coincident relief of excessive nervousness 
and nausea, and if the patient is in the critical condition which 
is sometimes seen in this disease, it is possible to bring about a 

* According to Toll(m) tt alter (351), in 1014, anticipated Plummer 
in almost cv cry detail Tins conveys a wrong Impression of the importance 
of Plummer b treatment, which essentially associated the use of Lugol s 
solution with oj erative treatment 
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remission of symptoms which permits surgical removal of the 
thyroid gland without undue risk ” (379) The beneficial 
results have been extensively and complete]} confirmed 

Cleans, Thompson and Thompson (250) write that the 
phenomenon “ may be said to consist in a striking 
decrease m intensity of the peculiar nervous and circulator} 
manifestations, a fall in pulse and basal metabolism, and a 
histological change m the thyroid gland m the direction of 



following subtotal thyroidectomy (arrow) for exophthalmic 
goitre The case was characterized by residual nervousness 
which disappeared under the iodine treatment (From 
Means Thompson and Thompson Trims, tssoc Am 
Physicians 1028 xhu 140 ) 

increase in colloid and decrease in vascularity and epithelial 
hypertrophy ” The effect can be produced at any stage of 
the disease provided the patient has not recent]} received 
iodine The higher the initial rate, the greater is the resulting 
fall , this is well shown in Fig 5 If the treatment is stopped 
the basal metabolic rate rises abruptl} While m the majont} 
of cases of Graves disease, th}rouleetomy apparent!} effects 
a cure, yet * in certain cases the disease smoulders on even 
after this operative procedure, and certain residual phenomena 
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yielding to iodine are not infrequently encountered ’ An 
example of such a case is shown in Fig 6 The administration 
of Lugol’s solution for some months caused a drop in the basal 
metabolic rate, a fall in the pulse rate towards normal, and a 
steady rise m body weight, along with disappearance of the 
residual nervousness It is not improbable that man} cases of 
recurrence might be prevented by judicious occasional use of 
loduie or er a long period following the thyroidectomj (102), 
while its careful use m recurrent Graves’ disease has been 
proved beneficial (134) 1 

In the great majority of cases prolonged ( pre operahie ) 
treatment with Lvgol s solution leads to dnelopment of a 
refractoriness to iodine Thompson has published a very 
complete study of this effect (834) After a period which 
general!} docs not exceed twent} da}s the beneficial effects 
gradually wear off the basal metabolic rate increases and the 
unfavourable symptoms return If the administration is still 
continued the basal metabolic rate may exceed that before 
commencement of treatment with more sev ere accompanying 
symptoms and more intense nervous manifestations In two 
out of five patients thoroughly studied an exophthalmos was 
first noted while the basal rate was rising during such prolonged 
administration in two other cases it became more prominent 

The majority of writers who have studied the action of 
Lugol s solution conclude that in severe cases of Graves’ disease 
operation should be pei formed as soon as the maximum 
reduction m basal rate occurs Should administration have 
continued too long Thompson finds that it is necessar} to 
cease the treatment for three or four weeks until the refractori 
ness shall have disappeared (the patient resting in bed) The 
exact length of time necessary has not }et been determined 
although m one case refractoriness disappeared within twenty 
four da>s Subsequently re administration of Lugol s solution 
produces its full effect (cf also 169) 

A certain proportion of patients are considered to be 

* Davison and Aries (181) bel eve tint if sufficient thyroid gland has 
been removed at operation and If the patient has previously been 
adequately prepared immediate past operativ e use of iodine has i o 
rational basis b it think such use is still definitely Indicated in incomplete 
operations such as polar ligations 
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refractor} to iodine treatment ab tmho Means and Lerman 
(248) believ e that such refractoriness is not real and that 
these patients are already full} “ lodimzed ” 

Thompson considers that the optimum dose of Lugol's 
solution (USA standard) m Grav es’ disease is only 1 drop 
(6 mg iodine) daily A small percentage of cases do not respond 
to this or to larger dosage Half a drop dad} is insufficient 
He thinks that it is doubtful if more than 5 drops daily is ever 
necessary In the occasional case a a ery small dosage (one- 
quarter to one half drop dad} ) appears to accentuate the 
symptoms His ideas concerning optimal dosage seem to be 
at marked \ariance with general practice 

A number of imestigators ha\ e studied the effects of 
prolonged treatment with Lugol s solution in lieu of operation 
\\ hile there is a possibility of continued benefit m v ery mild 
cases, severer cases become worse under the treatment (334, 
844, 336, 348) It is doubtful if, in the majority of cases that 
appear benefited, such treatment does more than postpone 
operation 

The Effect of Other Iodine Compounds Results, equalh as 
good as those produced by Lugol’s solution, hav e been obtained 
by a solution of iodine m hydnodic acid (]06v) iodized fat or 
sodium iodide given with a concentrated mixture of vitamins A 
and D (281, 6, 108), sajodin (calcium lodobehenate) (112), 
ethyl iodide (inhaled) and potassium iodide (200) 

A number of European imestigators have reported fav ourably 
on the use of duodotyrosme m treatment of Graves’ disease 
Like Lugol’s solution, it is extreme! \ doubtful if it has any 
proper rote in treatment other than pre operative (of 132 85) 
However, as Laroche (195) points out, it is better tolerated than 
Lugol’s solution, while on account of its relationship to the 
thyroid hormone (cf p 17), smaller doses are needed (139) 
Lerman and Means (200) studied the effects of inhalation 
of ethyl iodide (4 grams inhaled in twenty minutes once a 
day) and of potassium iodide (0 36 gram containing 0 275 
gram of iodine, daily) Their results are shown m Figs 7 and 8 
They consider that potassium iodide is preferable to Lugol’s 
solution for pre-operative treatment, since it is equally effectiv e 
and more easily taken (In all their measurements the initial 
basal metabolism w as determined after a period of rest in bed , 
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this is a very important precaution, since the occasional 
patient shows marked clinical improv ement and fall m basal 
rate by this treatment alone ) 

The Effect of Lugol’s Solution In Toxic Adenomatous 
Goitre The nv ailable evidence is conflicting The Mayo 
school have expressed the opinion that no benefit is conferred 
(379) Since the condition seems closely related to pure 
hy perthy roidism, artificially produced (cf p 09), it is pertinent 
to note that administration of Lugol s solution confers no 



Tic 7 Comparison of the metabolic rate changes produced 
by Lugol s solution (cf Fig r >) and elh>I Iodide ui Craves’ 
disease The cases arc grouped in accordance with the 
resting levels each ten point Inters ol constituting a group 
(Prom Lcrman and Means Am J Mid in , 10J1 clxxxi 
74o) 

protection against thyroxine dosage m animals or in man (324 
289, 102 59) \ et there seems to be definite evidence that it 

depresses metabolism in some cases in certain non thyroid 
conditions including pernicious anaemia (243) and lymphatic 
leukaemia (111) even though it is stated to hat e no appreciable 
effect on normal man (243, 285, 315, 206) Certain writers 
state definitely that it is just as effective in toxic adenoma as 
m Grav es disease (276, 50) Jackson (169a) heliev es that while 
its effect is not constant nor specific, it is beneficial m the 
majority of cases 

The Nature of the Action of Iodine in Graves’ Disease The 
precise action of iodine in Graves’ disease will probably remain 
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unknown until more is known of the nature of Gra\ es’ disease 
itself A number of theories have been advanced If the 
assumption be correct that Gras es’ disease is not primarily but 
only secondarily a thyroid disease, then it is possible for the 
efTect of iodine to be either directly upon the thyroid itself, or 
systemic, and at least in part extrathyroid Following 
Plummer’s introduction of the treatment w ith Lugol’s solution, 
the two theories which obtained most credence both assumed 
direct action upon the thyroid Plummer postulated the 



tic B Comparison of the metabolic rate changes produced by 
I ugol s solution (cf Fig 5) and potassium iodide in Cruses 
disease The casra treated b> the Jatt er are arranged in three 
groups with initial rate less than + 45 between 4o and 56 
and + 00 per cent or over (trom Lerman and Means 
Am J 1/rrf Set 1031 clxxxi 743 ) 

correction of a condition m which an abnormal tliyToxine was 
being produced in the gland , this \ lew cannot be upheld 
(cf p 67) Marine (24Q) suggested that the beneficial action 
depends upon the rapid formation of colloid, w hich mechanically 
blocks the secretion of thyroxine into the general circulation 
(Cf also 272) 

The histological changes seen in the gland follow ing treatment 
with Lugol s solution are v aried, but are chiefly in the nature 
of a marked degree of m\ olution, the general change in 
appearance being towards that seen in an ordinary colloid 
goitre (293, 295 61, 359) (Certain observers are not in 
complete agreement with the v lew (147, 257) ) The change is 
so marked, and the use of Lugol’s solution is now so unn ersal. 
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tint the appearances which used to be regarded as typifying 
Grates disease are now seldom seen TI rough the kindness 
of Professor William Boyd a typical picture of a thyrotd 
section from an untreated case of Graves disease (old material) 
is contrasted in Figs 9 and 10 with an average picture obtained 
after correct treatment with Lugol s solution 

It is generally agreed that the untreated goitre of Graves’ 
disease is iodine poor colloid poor and stains poorly with 
eosm After treatment with Lugol s solution it tends to 
become iodine rich and rich in colloid and stains well with 
eosin Tonic adenomas show somewhat similar changes (ISO) 
According to Lunde(213) the average iodine content of 
normal man vanes from 9 to I3y per 100 c c blood there are 
certain seasonal fluctuations (Wider extremes have been 
reported seldom exceeding 8 to 17y ) Cretins show a lower 
figure Gy or less while marked increases have been found in 
hyperthyroid states Lundc separates the iodine fractions of 
the blood by adding one v olume of blood to four v olumes of 
alcohol and then extracting the protein precipitate with more 
alcohol Thus two fractions are obtained one alcohol soluble 
(considered the inorganic iodine fraction) and the other 
alcohol insoluble (considered organic iodine) The amount of 
lipoid iodine present is negligible formally the inorganic 
iodine vanes from 7 to 12y the organic iodine from l to 4y 1 
In untreated patients with Graves disease while the inorganic 
fraction is not much affected the organic fraction is markedly 
increased After treatment with Lugol s solution the inorganic 
fraction is of course vastly increased but the organic fraction 
is decreased to normal or nearly normnl limits concurrently 
with the fall m basal metabolic rate and symptomatic improve 
ment A tvpieal result is shown m Tabic I\ (II II female 
aged twenty with definite Grav es disease) (213) (Cf also 87 ) 
Perkin Laliey and Cattell (272) have obtained similar results 
but on a somew hat low er lev el of iodine content They find that 
the v alue in normal people seldom exceeds 10 y Baum inn (374) 
fin Is still lower normal figures A moderate proportion of 
hyperthyroid cases show normal blood iodine and these cases 

* Vleasurcments of the Iodine co itent of the ce retires p nal flu d 
suggest that most of the blood tod ne is in non dlafysable organic 
comb nation (230) 



Tic 10 (Irises' disease treated for a short time with Lugol'a 
solution \ few epithelial Imtls arc seen it the right, hut 
most of the hyperplasia lias disapjicarcd and the acini are 
filled a" im with colloid x 180 (Photo micrograph and 
description by Professor William Bojd } 
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are more sev ere and do not respond so well to pre operativ e 
iodine treatment At operation the thyroids of such patients 
often show primary hj perplasia with irregular involution 
Usually , following subtotal thy roidectomv, there is a striking 
decrease in blood iodine w ithin three months, but when this does 
not happen* there is generallv clinical e\ idence of persistent 
hv perthyroidism 

They have suggested an iodine tolerance test, in which 
37 5 mg iodine in Lugol s solution is administered orallv, and 


Tvble II 


Effect of Lugol s Solution on the Distribution of Iodine in 
Blood in Graies Disease 
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blood iodine is estimated at 0 0 5 1, 15 and 2 5 hours there 
after HyperthjToid eases show a curv e depressed below that 
for normals W atson has modified the test, and injects 0 25 mg 
of iodine (in Lugol s solution) per kg bod} weight intrav enously 
(354a) His results are m general agreement Injected iodine 
disappears from the circulation less rapidlv in hypothyroid 
patients There is however, no definite correlation between 
iodine tolerance and basal metabolism values (His tolerance 
curves show, tor normal, hypothyroid and hjperthyroid 
patients, considerable overlapping so that evidently the 
clinical application of the test his distinct limitations ) 
McCullagh and McCutlagh (230) hav e also discussed the 
diagnostic v alue of blood iodine determinations 
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Examination of the blood shortly after thyroidectomy in 
Graves’ disease shows no increase m its iodine content, but 
usually a slight decrease in the organic fraction, so that there 
is no mechanical expression of the endocrine secretion by the 
operation (25) 1 Marked postoperative shock can occur in 
patients who hav e had no pre operatn e treatment (and in 
whom, therefore, a high organic iodine content in their blood 
sinks rapidly after operation) and also in those who have 
been treated for a long time with small amounts of iodine and 
this treatment stopped eight to ten day s before operation The 
shock is considered due to the acute sudden fall in blood content 
of the thyroid hormone produced by operation and may 
explain the usefulness of post operativ e iodine treatment (25) 

In the thyroid of Graves’ disease iodine treatment produces 
increase in both inorganic and thyroglobulm iodine, increase 
in the relative amount of thyroxine as contrasted with 
dnodotyrosine radicals and absolute increase of both These 
changes probably indicate a change towards the condition of 
the resting gland (181) 

These chemtcal studies indicate that the output of the 
thyroid hormone is gradually increased in Graves’ disease 
The effect of Lugol s solution during the period of beneficial 
action is to depress the output of the principle, which is stored 
in the gland (increased iodine , increased colloid) While 
Marine s mechanical explanation is not disproved, it seems 
more rational, chemically to suggest that through perhaps a 
mass action effect the normal colloid building process is 
restored until the thyroid acini are distended « ith colloid and 
mass action in that direction is again equilibrated whereupon 
secretion of the principle continuing, it is once more secreted 
into the blood m excessive amounts 

Summing up the effect of iodide (for all the iodine compounds 
actually supply iodide to the organism and iodide is equal m 
effect to any of them) it has a direct effect upon the gland itself 
temporarily depressing the output of the thyroid principle but 
it almost certainly has an additional effect on the system not 

i It is interesting in this connection to note that major (non thyroul) 
surgical manipulations lead to marked hyperactlv Ity of the thyroid 
gland evidenced bv considerable increase in blood iodine which may 
j ersist for several days (230) 
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produced through the thyroid It has no permanent effect on 
the cause of Gra\ es disease (250) 1 (Saturation of the th\ roid 
with iodide ma} perhaps ha\e some degree of parallelism with 
saturation of proteins bj iodine Cf p 20 ) 

Recent cytological studies, especially those of Okkels (269) and 
^}ahlbcrg(347) can now be contrasted with those made on 
phy siologically stimulated glands m animals (cf p 25) The results 
are in general agreement with those based on histological and 
chemical ins estigations There is no apparent quahtativ e difference 
m the mechanism of secretion in the normal thyroid and m the 
thyroid in various pathological states In absence of clinical 
symptoms of a thyrotoxicosis the Golgi apparatus of the follicul »r 
cells is not enlarged, whether the condition be ordinary parenchv 
matous goitre or nodular goitre Cases of toxic goitre almost 
without exception (and all cases of Gras es disease) show enlarged 
and often markedly enlarged Golgi apparatus indicating marker! 
hj persecret ion Tins enlargement persists during pre-operatne 

iodine treatment indicating that the hypersecretory actmtv also 
persists although accumulation of colloid material indicates that 
follicular storage has for a time replaced discharge of the active 
principle into the circulation Okkcls is of the opinion that the 
cytological appearance of the cells In thyroid disease is more 
consistent with actual clinical conditions than are the ordinary 
pathological anatomical classifications 

Other Methods of Treatment of Hyperthyroidism Quinine 
has been advocated apparently on the ground that hjper 
thjroid patients are relative!} resistant to cinchomsm 
Enthusiastic claims for beneficial results have been made (41) 
and disputed (247, 47) Benefit has been stated bj various 
clinicians to follow the use of gynergen — ergotamme tartrate (7 
317) ph} sostigmme sal icj late (41) potassium permanganate 
(267) and sodium or ammonium fluoride (122) The rationale 
for most of such treatment is difficult to understand 

1 Fried good (111) has compared the effect of Lugol s solution on the 
basal metabolic rate and the symptomatic response to it in Grav es disease 
on the one hand and in chronic lymphatic leucaemia polyevthaem a 
vera acromegalv and pernicious anaemia on the other Such effects 
and responses are similar in kind but less constant and less in extent in 
tl e latter diseases than m Craves disease The general similantv suggests 
(i) an underiving hyperactive state of the sympathetic nervous svstem m 
all these cona tions (n) the benet c al effects in cf romc lymphatic leucaemia 
etc and also in Graves disease are probably not produced tl rough the 
thvroid and (in) Graves dtsease is not primarily a disease of tl e thyroid 
gland but the sympathetic nervous system appears to play a major r6!e 
in it and in chrome lymphatic leueacmia 
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In support of Marine s x lew on the interrelationship of the 
thyroid and adrenal glands good results hare been claimed 
following administration of adrenal cortex m Graves disease 
{299 811 13) and of the concentrated principle (see Chapter \ ) 
Good results hare also been claimed following administration 
of insulin (338 120) Claims hare been made for A P L and 
thcelm therapy (55) 

The formation of anti thjroid compounds in the organism 
compounds presumed to antagonize the action of its hormone 
will be dealt with in Chapter \ A therapeutic treatment has 
evolved in connection with these presumed compounds and 
will be referred to there 

Kasahorv (391) has published some extraordinary results of 
administration of what he terms l\sats mixed degradation 
products of various endocrine and other glands 

Other curious claims have been made that copper arsenic 
and other mineral salts are bencf cial in hyperthyroid states (152 
259) the beneficial action of copper salts in experimental 
human hyperthyroidism is denied (251) A case has been 
reported in which the patient is said to have recovered 
completely after rest and a high fat diet ( 113) 

Roentgen raj and radium treatment are advocated with 
v ar j ing degrees of enthusiasm b> different writers Diathermy 
is stated to be of no great value (171) The most generallj 
expressed opinion concerning \ ray treatment is that it is more 
suitable when the toxaemia is moderate than for severe 
cases (292 11" 291 2"3) (According to Joll (17-1) it inaj be 
used in early cases associated with great restlessness and 
irritability and a large goitre ) Some Insight into the success 
or fa lure of the treatment is giv en by such reports as those of 
Morlcv (2 jC) forty out of 120 cases of Graves disease coming 
to operation had prcviouslj been treated with \ ray without 
success A few writers have claimed good results with radium 
emanation (130 155) 

Surgical Treatment of Hyperthyroidism Since the introduc 
tion of routine pre operative treatment with iodine one of the 
chief interests in the surgical reports has come to be the ever 
decreasing mortality \ anous f gures hav e been published (CG 
174) those from specially trained teams naturallj being lower 
De Courcj (84) considers the average mortality to be about 
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1 per cent , Hj man and Kessel consider it to be much higher 
for the whole operated population (165) 

As regards late results of operativ e treatment exophthalmos 
usual!} lessens but does not always disappear Iverv ousness 
is invariably improved but not always banished Most but 
not all patients gam weight Some are not improved (90 
256 109) Graham and \\ allace (126) surv e\ ing the late results 
m 125 cases report that 90 per cent were rendered fit for work 
The four patients in this series who died were all chronic cases 
who had been unrelieved by medical treatment 

Fcnger (105a) contrasting medical and surgical eases 
observed over man} years concludes that if 100 cases are 
submitted to medical and an equal number of similar cases 
to surgical treatment, the latter will cure about twice as man} 
as the former, nor will \ray treatment materially affect the 
result (Cf also 390 ) 

At the present time there is no medical treatment which 
will re establish thvroid balance in adults to such a degree of 
stability that it will stand the strain of ordinar} existence 
with the resistance exhibited b> the thyroid of normal man 
Sooner or later, in the majority of cases the hyperthj roid 
goitre is remov ed surgically 

Thyroidectomy in Non thyroid Conditions Since in patients with 
congestive heart failure and a normal basal metabolic rate the 
basal velocity of the blood flow is greatly lowered while in 
myx oedema it may be similar}} slowed m absence of symptoms 
or signs of congestive heart failure (the diminished circulation being 
adequate to the diminished body needs) complete thyroidectomy 
has been practised on a number of patients with congestive heart 
failure or angina pectoris in whom there was no evidence of an 
abnormal thyroid condition Good results are claimed It is stated 
that thirst ceases and oedema disappears patients can make some 
degree of exertion without palpitation or dyspnoea and can sleep 
without sedafives Though the circulation is not improved it 
suffices for the needs of the lowered metabolism (30 203 cf 40 
81 59) Symptoms of myxoedema tend to develop within two 
or three months and the blood cholesterol steadily rises Control 
of distressing symptoms can be established by administration 
of thyroid in amounts varying from one-tenth to one half grain 
daily (31) 

There is evidence that a more critical attitude is developing 
towards this treatment especially m cases of congestive heart 
failure Thus Clark Means and Sprague (64) consider that after 



8G THYROID OLAND AND IODINE METABOLISM 

results indicated tint tlic operation was only satisfactory m one 
fourth of their 10 cases 

One case of aleukaeinlc lymphatic leukaemia has been similarly 
treated with apparently good results, although it is admitted that 
the improvement may have been due to a remission in the severity 
of the disease and not to the unusual treatment (30) 

Complete thyroidectomy has been performed in cases of severe, 
uncomplicated diabetes mclhtus (301, 30’) and although a marked 
increase in the carbohvdrate tolerance resulted, it is doubtful if the 
results support the use of such procedure 

Malignant Tumours of the Thyroid 
rrom the point of view of the endocrinologist it is important 
to remember that carcinoma of the thyroid can give rise to 
functioning inetastases Thus Parkes \\eber has reported a 
case of primary carcinoma of the thyroid with metastasis to 
hone After thvroidectomy hyperthyroidism developed 
Rcmov al of the metastasis led to myxoedema (855) (Cf also 06 
and 314 ) 

Joll states that in areas where endemic goitre is prevalent 
malignant disease of the thyroid is relatively common (174) 

Administration of Thyroid in Various Conditions 
Good results have been reported m hebephrenic dementia 
praecox ( 161 ) A considerable number of gynaecological 
cases which exhibit as symptoms menorrhagia and sterility 
or abortion (separately or m combination) are apparently 
relieved by administration of thyroid and by no other treat 
ment (74) Thyroid administration has proved of some service 
in the treatment of cataract (180) m some proportion of cases 
of arthritis (hypertrophic type) (135) and, in slight dosage, m 
treatment of certain types of alopecia (123) it has no beneficial 
effect when giv en to senile rats (160) Local application of 
thyroxine appears to be of some service in the treatment of 
otosclerosis and similar types of deafness (127) 

Certain of these results suggest interrelationships between 
the thyroid and other endocrine glands , these will be dealt 
with in Chapter X 

Unsolved Problems Related to the Thyroid Gland 
After dealing with what we know of the thyroid, it is useful 
to point out, as Remington has done (286) what w e do not yet 
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know While in the past twenty jehrs considerable advance 
has been made jet in some wajs our ignorance of essential 
facts has been brought out more prominent!} 

We know very little of the form of organic combination of 
iodine in animal food and still less of that m plant food 
We know verj little of the mechanisms bj which thyroid 
tissue forms the thyroxine radical and can only shrew dl} guess 
at the processes of storage and of secretion and we are still 
uncertain as to the precise chemical nature of the hormone 
We do not know the precise nature of Graves disease nor 
the cause of the beneficial action of iodine (m various forms of 
combination) in pre operative treatment W e do not know the 
initial factors which lead to manifestation of hj perthyroidism 
in an> form And until these are determined w e shall probablj 
not be in a position to find some rational medical therapv 
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Introduction 

Tnc parathyroid glands in man usually adjacent to the 
dorsal surface of the thyroid show variations both in number 
and location In somewhat more than half the cases examined 
by Heinbich (69) four glands were found and somewhat more 
than half the glands found were opposite the middle third of 
the thyroid Ilembach considers the usual description of a 
superior and an inferior ’ pair (31) is misleading The 
glands \ ary in size from 3 to 15 mm long and 2 to 3 mm broad 
and thick and are y eltow ish red to brown red in colour Small 
accessory glands are by no means uncommon especially near 
or embedded in the thy mus (34) 

The glands are relatneh aery aascular They are each 
supplied by a special arteriole from a thyroid artery from 
it sinus like capillaries come into close relationship with the 
cells themselves (135) 

Hermann ("I ) from an extensne study both of human 

1 Thomson not) Collip (l !.>) tl oroughly reviewed the literature to 1032 
and most of the earlier references wiff 6e fatrrnf in Cfteir bibliography 
Shell ng also res iewed the subject in 103o (133) 
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cadavers and of fresh autopsy material finds that in man on 
each side of the neck a branch of the inferior thyroid artery 
joins with a branch from the recurrent lary ngeal nerve (giv en 
off at the point at which this nene crosses the mam branch 
of the artery), to form a " stalk ” to an inferior parathyroid 
gland, and similarly a branch of the superior thyroid artery 
is joined by a fine filament from the external branch of the 
superior laryngeal nerve to form a “stalk” to a superior 
parathyroid gland He states that these four stalks are 
constant in number, though each may lead to more than one 
gland Some of the nerve fibres terminate m the vessel nails , 
many penetrate between epithelial cells forming nodular 
endings (125) Transplantation experiments suggest that the 
glands can function adequately in absence of all nervous 
connections (125, 93) 

The glands are composed of epithelial cells, which either 
form a compact mass, or are divided into lobules by strands 
of vascular connective tissue The latter conveys the 
capillaries Two forms of cells are described — ordinary or 
principal cells, small, and either clear or somewhat granular, 
and larger cells, containing oxyphil granules and staining 
with eosm (135, cf 108) These probably represent a functional 
stage of the principal cells Both types contain fatty granules 
or minute spherical globules, which increase in number with 
age (135, 32) Small colloid v esicles are sometimes found , the 
number of these also increases with age (cf also 90 101 109) 

Cytological studies of rats' parathvroids indicate that the 
condition of the mitochondria and Golgi apparatus varies with 
and is related to the secretory activity of the cells (127) 

The definite association of those acute manifestations 
which we call tetanv with experimental removal of the 
parathyroids is due to Glev (51) \assale and Generali (150) 
produced tetany — death ensuing — in nine out of ten para 
thy roidectomized cats and all of nine parathyroidectomized 
dogs , the majority of the animals died betw een the third and 
fifth days following operation Such work has been frequently 
repeated, and the association of complete parathyroidectomy 
and tetany abundantly confirmed Nicholas and Swingle have 
dealt critically and satisfactorily with apparent exceptions (145) 

MacCallum and Voegthn m 1909 showed that the tetany 
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following extirpation of the parathyroid*, was assomtcd with a 
fall m the calcium content of the blood to about half its normal 
value Intravenous injections of calcium salts temporarily 
banished the symptoms of tetany It Mas consequently 
concluded that the glands regulate the calcium metabolism of 
the organism, and that the symptoms Minch follow their 
extirpation arc due to the resulting fall in blood calcium It 
was subsequently demonstrated that the hypcrexutahihty of 
nen e characteristic of tetany can l>c induced by experimental 
production of a lowered blood calcium (n~) 

Parathyroid investigations were then confused lor a while 
by the efforts that were made to prove that the function of 
the glands Mas essentially the detoxication of guanidine 
compounds 

Salvcsen in 1023 confirmed Mactallunis theory and 
concluded from his own and previous work that the para 
thyroids control the calcium level of the blood lie showed 
that pnrnthyroidcctoimzed animals could be kept alive for 
long periods by including sufficient calcium in the diet (excess 
of milk and addition of calcium salts) In such animals the 
plasma proteins remain unaffected mIuIc in human nepbritics 
exhibiting marked oedema lioth plasma proteins and plasma 
calcium arc diminished yet tetany does not result lienee 
Salvcsen concluded tint the cause of this tetany is a decrease in 
that part of the blood cnlauin winch is not combined with 
protein (145) 

Thus the earlier work demonstrated clcirlv tli it parathyroid 
function is related to the prevention of tetany' in the norninl 
animal and the maintenance of a certain level of the blood 
calcium It therefore seeins desirable at tins stage to discuss 
the nature of tetany, and to indicate what we know at present 
concerning the state of combination of calcium m the blood 

Tetany 

Tetany results from many causes and is exhibited in varying 
degrees It is charactemed by a hypcrcxcitabihty of the 
nervous system If it be manifest there utc spontaneous 
attacks of tonic spasm which mav be limited to groups of 
muscles or which may involve the whole body Usually in 
milder attacks groups of muscles associated with certain nerv es 
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are affected, producing m man such characteristic phenomena 
as the * obstetrical hand ” extension of the knee with supination 
of the foot, lary ngospasm facial spasm and trismus Associated 
with these are pains in the muscles during spasms and 
paraesthesias espeeialh m the distal parts of the extremities 
The phenomena vary somewhat m different species, but 
tremors chorea like jerkj mm ements, and, m extreme tetany , 
com ulsn e fits of varying degrees of violence alternating with 
quiescent periods are common to most animals after complete 
parathy roideetomy 

If the tetany be merely “ latent, ' significant phenomena 
can be elicited by application of such tests as Trousseau’s and 
Cin ostek’s 1 

Tetany is almost invariably produced following complete 
parathyroidectomy in all mammals and in birds (145) 
Variations in susceptibility to parathyroidectomy in different 
species are probably traceable to dietary differences (130) 
\\hen tetan) is so produced if blood is taken during an active 
seizure the serum calcium is found usually to be at some 
value between 7 and 4 mg per 100 c c instead of the normal 
10 or 11 mg In latent tetan) somewhat higher values mav 
he found As alread) stated if the calcium level is raised 
b> an) treatment the tetnnv is relieved Small doses of curare 
tempor inly abolish parathyroid tetan) in dogs indicating the 
association of the nerves with the hv pcrexcitahility (68) 

Some proportion of cases of spontaneous human tetany are 
associated with h) poparathv roidism (cf 23) the majority 
probably are not Tetany develops following thyroidectomy 
in man, when insufficient parathvroid tissue has been left 
undamaged 

The condition of rickets in young children is not infrequently 
associated with tetany In this combination the serum calcium 
is depressed to an extent comparable with that following 
parathyroidectomy The tetanic manifestation can be 
temporanlv relieved by administration of hydrochloric acid 
milk, or of ammonium chloride (which tends to produce an 

1 For more complete descriptions of tetany in man and animals and 
details of the \anous tests which can he used to demonstrate its presence 
in cl meal cases sec Barker (10), \ inccnt (152) Sliarpey Schafer (135) and 
Shelling (130) 
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acidosis in the organism) or of calcium silts More permanent 
relief is conferred by continued administration of an active 
concentrate of vitamin D (cf p 121) 

Many cases of infantile tetany do not exhibit a lowered 
plasma calcium The} arc traceable to gastrointestinal 
disturbances vomiting (causing loss of hydrochloric acid) and 
diarrhoea In n study of idiopathic steatorrhoea it was found 
that 14 out of 15 cases exhibited tetanv and 13 of these 
showed low serum calcium The condition was associated with 
disturbance of gastrointestinal function (14) Severe v omitmg 
or continued gastric lav age ui adults may lead to tetany 
Low plasma calcium is not necessarily accompanied by 
tetany \oung rats in winter frequently exhibit low blood 
calcium levels in absence of tetany (22) (.reenberg states that 
when a diet very low in calcium is fed rats a peculiar sy ndrome 
is induced with scrum calcium van mg from 4 4 to 0 0 mg per 
100 c c but tetany does not occur (57) 

In 1020 Colhp and Backus and Grant and Goldman almost 
simultaneously showed that over ventilation of the lungs could 
produce a tetany through the deficit of carbon dioxide 
produced In such tetany the blood calcium is either normal 
or slightly increased while a defin te alkalosis is present These 
observations have been repeatedly confirmed (145) 

A number of clinical cases have been reported m which such 
hyperventilation was the immediate cause and generalh the 
only conditioning factor Such include tetany occurring during 
a paroxysm of hyperpnoea in a psychoneurotic patient 
convalescent from encephalitis lethargica (II) cases associated 
with continued pan from cholelithiasis and cholecystitis (58 
106) or from retention of urine (114) or from the prolonged 
discomfort of a ] civic condition (106) Even too violent 
exercise taken when in poor physical condition or crying spells 
associated with a neurosis have produced symptoms of 
tetanv (58) McCance considers that certain individuals are 
peculiarly susceptible to by per v entilation and that tetany 
may dev elop in them from a degree of ov er breathing which is 
scarcely perceptible He thinks that many cases of so called 
* sporadic tetany may come within this category (08) 
Proto nged rmmers'ion in hot baths can set up a hyperpnoea 
which may induce tetany (91) 
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In clinical as in experimental hyper ventilation tetany the 
blood calcium is normal or \ ery slightly ele\ a ted The condition 
calls for treatment unrelated to calcium Good results have 
been obtained by educating the patient as to the cause of the 
attack and the possibility of arresting it by control of 
breathing (106) 

Tetany can be experimentally produced in animals by 
intravenous injections of sodium or potassium phosphate (145) 
The sodium or potassium concentration m the plasma is 
elevated and at the same time the calcium concentration is 
depressed sometimes to 6 mg per 100 cc (presumably through 
precipitation of calcium as phosphate or carbonate) Injection 
of phosphoric acid or of acid sodium phosphate although it 
depresses blood calcium does not induce tetany instead of an 
increased sodium or potassium concentration there is an 
increased tendency to acidosis which offsets the effect on the 
calcium 

The literature contains references to some Jess usual forms of 
tetany 

The essential c!fmcai manifestation in so called milk fever of 
lactating cows is probably a tetany It appears early m the course 
of the disease It may be generalized and se\ ere accompanied by 
convulsive seizures or of moderate degree and then confined to 
isolated groups of muscles especially m the hind 1 mbs (frequently 
evidenced merely by an extension of tlie hock jo nts w ith concomitant 
stiffness and paddling gait) It varies in duration and is often 
so transient that it passes unnoticed or is masked by the lethargic 
or comatose stage which follows (and wh eh precedes spontaneous 
recovery or death) It is accompanied by a hypocalcaemia of the 
degree usual m parathyroid tetany and has been cons dered as due 
to a parathyroid deficiency (38) Howev er the l lood phosphates 
are also depressed whereas following parathyroid extirpation they 
are slightly increased (45) Many of the symptoms suggest dehy dra 
tion and anhy draemia (52) In 00 per cent of the cases udder 
inflation is sufficient to cure the an mal and restore blood calcium 
to normal hence parathyroid deficiency can be excluded The 
actual tetany and any anhydraenua are probably traceable to undue 
drainage of calcium and of fluid from the blood at the height of a 
vigorous lactation 

Lock jaw is a condition met with amongst \\ elsh mountain 
ponies It has been observed m suckimg mores soon after their 
being housed and in ponies of either sex at the end of a railway 
journey There js marked hypocalcaemia (5 to G mg per 100 cc 
serum) but a high blood phosphate and a high alkaline reserve 
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Subcutaneous or in the mare intramammary injection of air 
restores these animals Tiiey do not exhibit the characteristic 
secondary coma of milk fe\er where the tetany ends fatallv 
tetanic spasms continue till death The cause is still unexplained 
(107) A similar condition In cows and fcwcs following a period of 
close confinement lias been descrified («1 (j 140) Deity <1 ration 
may be a factor m nil such cases ( 00 ) 

Magnesium deprivation can lead to tetanv and the so-called 
“grass tetany of cattle is probably of this type (130 cf 50) 

Tetany is produced in a proportion of voung white rats fed 
desiccated thyroid it often is apparent nfter a fen dij - s treat 
ment (10) It has been attributed to a combination of depression 
of the thyroi 1 parathyroid apparatus (from anaemn through 
diminished blood supply induced l>> the exogenous thyroid principle) 
and the addc 1 effect of an alkalosis due to sudden atmospheric 
changes especially a fill of barometric pressure However there is 
both clinical and experimental evidence that hyperthyroidism leads 
to increased excretion of calcium and it seems probable that this can 
occasionally produce such a lowering of I loo 1 calcium as to induce 
tetany (145) Vlmlnistrntion of thvroid or thyroxine to rats 
Increases the excretion of calcium chiefly through the intestine and 
sets up a negative calcium I ahnee which a. restored to normal by 
sufficient calciferol (120) Patients with Craves disease excrete 
calcium and phosphate to a greater extent than normal in both urine 
and faeces although the increased excretion is mainly through the 
latter channel this altered metabolism is not due to a deficiency 
m vitamin D (8 I) 54) 

An interesting ease— a woman of forty -eight— ill ist rates such 
hyperthvroid tetany She hid a thyroidectomy apparently 
for Graves disease nt tie age of twenty seven The hyper 
thyroidism recurred after sixteen years with a secorf 1 operation 
three years later Subsequent to the second operation symptoms 
of tetany gradually developed but were controlled for o while 
with viosterol and a high calcium diet She was admitted to the 
Winnipeg General Hospital in January 1914 (two years after 
the second operation) with symptoms of both tetany and hyper 
thyroidism Her blood calcium at two determinations was flfl and 
0 9 mg per 100 c c of serum and her plasmi inorganic phosphorus 
4 1 and 4 3 rag ILcr basal metabolic rate n as + 39 per cent At 
operation a hyperplastic thyroid miss was removed Following 
operation the blood calcium slowly rose without special treatment 
until three weeks later the figure was 8 4 nig \II symptoms of 
tetany had disappeared and were stiU absent some months liter 
There appears to hive been a degree of parathyroid removal 
or destruction in the first two operations which m itself was 
insufficient to cause tetany but when accentuated by the recurring 
hyperthyroidism and the increased excretion of calcium caused 
thereby, resulted in a sufficiently low blood calcium for tetanic 
manifestations When the additional factor was removed tetany 
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ceased I am indebted to Dr Gordon Fahrm for permission to 
mention th s case 

On the other hand Cope and Donaldson (33) ha\ c reported a case 
of simultaneous hypoparathyroidism and hyperthyroidism in which 
during periods of marked thyroid activity the blood serum calcium 
rose towards normal and the signs of tetanj diminished although 
the negative calcium and phosphorus balance increased 

The underlying disturbance in the production of tetanj is 
an upset in the ratio of certain ions in blood and tissues The 
work of Loeb and others has demonstrated that the degree of 
irntabilit\ of tissues depends upon the ratios between the 
ionic concentration of potassium sodium and calcium m the 
fluids in contact with these tissues increase of either of the 
first two or decrease of the third increases uritabilitj The 
different methods of experimental production of tetany and 
of causing relief from this tetany suggest that the ionic ratio 
is somewhat more complicated in so far as it is related to 
tetanj There seems to be a balance between sodium potassium 
and hydroxyl ionic concentrations on the one hand and 
calcium and hj drogen ionic concentrations on the other Anj 
increase m an\ one of the first three or an\ decrease of either 
of the last two cond ices to tetans Opposite changes tend 
to banish an established tetany \\ hetlier or not a change in 
the hj drogen ion concentration of the blood can in itself so 
affect the ionization of blood calcium as to cause or to banish 
tetanj has not jet been prosed and m fact IleLean (100) has 
recently ady anced ev idence against it If it were the case then 
the ionic ratio gos erning tetam would be that go\ ermng tissue 
irritabihtj in general 

While in the tetanj following parathj roidectomj the 
excretion of phosphorus is defimtelj reduced set there is only 
slight increase in blood phosphate Changes in hj drogen ion 
concentration will undoubtedly change the equilibrium between 
the different phosphate ions (H 2 P0 4 HPO/ and PO.,' ) and 
thus may well niter the balance between unionized and ionized 
calcium (although w e ha\ e no defin te know ledge as to the 
nature of the unionized inorganic calcium compounds present) 
Equallj also changes in calcium concentration maj affect the 
other equilibria Until we know more concerning the nature 
of calcium combination in the blood plasma it is easier to 
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assume multiple rather than a single causatise factor m 
tetany {Thomson and Collip ha\c renewed this problem 
critically (145) ) 

Blood Calcium 

The calcium of human lilood occurs wholly or almost 
wholly in the plasma Results ind eating its presence in the 
red cells m any but negligille amount are due to inaccuracy 
of technique (145) It seems unlikely that in normal blood 
the cm elope of the red cells is appreciably permeable to 
calcium ions 

Calcium is present in the plasma m at least three d stmet 
conditions m organic combination in unionized inorganic 
combination and as calcium ions It is usually estimated in 
the scrum from clotted blood reaction with ammonium 
oxahte if sufl exent time elapses and excess of oxalate is 
present precipitates all tie calcium of serum as calcium 
oxalate Since calcium plays a defii itc role in clotting it seems 
quite possible that the equild ria between the different forms 
of combined calcium and cal urn ions are not completely the 
dame m plasma and in seruni and that im estigations on serum 
so not necessarily yield result absolutely applicable to plasma 

Numerous experiments has been carried out to determine 
the partition of calcium betsveen organic and inorganic combina 
tion Such partition can be most properly considered as 
between diffusible and non difTusible calcium It is 
important in considering all experiments involving dialysis (as 
mam of these do) that the i lethod of preparation of the 
membrane be carefully taken )nto account It has been 
shown that collodion membranes can be constructed of all 
degrees of permeability (49) so Jhat tl ey obsiously should be 
standardized in all ultra filtration experiments (88) Since 
this has only recently been realized it is not surprising that the 
earlier dialysis experiments hare not led to very concordant 
results 

More recent determinations based upon a combination of 
compensation diahsis and ultra filtration under pressure have 
indicated that 68 per cent of the ctlcium is dialysablc in blood 
serum of rabbits and 45 to 5o per cent or 42 to 58 per cent m 
that of man dogs and cattle (145) 
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In the normal animal cerebrospinal fluid calcium corresponds 
to the diffusible fraction of plasma calcium When how e\ er 
through experimental conditions (tin roparathyroidcctonn 
injection of parathyroid hormone etc ) or pathological con 
ditions the le\ el of plasma calcium is increased or decreased 
the cerebrospinal fluid calcium does not reflect the change 
(110 21 ) 

The distribution of calcium in plasma appears to be go\ erned 
bj its protein and phosphate content and its pH (cf 21 for 
references) About 50 per cent is held in protein combination 
(the non diffusible fraction as determined b\ dial} sis expert 
ments) whilst almost all the remainder according to McLean 
and Hastings (09) is present in ionized form All the combined 
calcium is easil} set free from its combination as the use of 
oxalate for the pm ention of clotting indicates 

In hypercalcaemic conditions (as m h} perparath} roidtsm) 
and in hypocalcaemic conditions (as following para 
thyroidectomy) blood plasma calcium is distributed between 
diffusible and non diffusible forms s erj similarly to its normal 
distribution (138 70) 

The Effects of Parathyroidectomy 

It is important to remember that not only is the blood plasma 
calcium depressed with resulting tetan> but concomitantly 
the plasma phosphate is ele\ated while urinar} phosphate 
excretion is diminished 

Chronic effects cannot easil} be studied in most species of 
mammals since on the one hand complete parathyroideetom} 
rapidh causes death while on the other hand partial para 
thyroidectomy is followed rapidly b} sufficient regeneration 
to restore normal conditions In the rat howescr although 
accessor} parath}roids are usuall} absent extirpation of the 
glands is seldom fatal and chronic effects are thus ascertainable 
Bones become somew hat decalcified anal} ses show them to be 
low m ash calcium and phosphorus though relatis el} high in 
magnesium (145) such results are not easil} explained Since 
m h} perparath} roidism the bones are also denuded of calcium 
Erdheim first showed that the teeth are affected becoming 
opaque brittle and distorted (145) Stour Chandler and 
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Tweedy (142) find that there is, in pnrathv roidectomtztd young 
rats, an initial increased calcification nr the dentine, and 
subsequently defective calcification and formation of both 
dentine and enamel, in tl»e nature of a fluctuation m the degree 
of calcification, causing the brittleness 
Parathy roulectomized rats show an increased appetite for 
calcium salts ( 12 G| 

Evans, Szureh, and Kern (43) report that when thyropara 
thyroidectomized dogs are kept free from tetany by adnnnistra 
tion of calcium lactate or gluconate after a v ary ing period this 
treatment can be discontinued without tetany developing 
although blood plasma calcium and phosphorus remain at 
tetany levels Such dogs has e been kept for nine months in good 
conditibn There is no significant change m blood sodium, 
potassium magn&uum or chloride during this period The 
authors believe that some neuro muscular adjustment permits 
this survival 

The Preparation of an Active Parathyroid Extract 
Unlike desiccated thyroid tissue desiccated parathyroid 
preparations are ineffective when administered by mouth 
and beneficial results claimed for them m the past merely 
exemplify the danger of uncontrolled clinical optimism 

The earlier attempts to obtain active extracts of the gland 
have been reviewed by Colhp (28) MacCnllum considering 
this earlier work wrote in 1924 concerning the therapeutical 
results (90) * At best it is a slight and questionable effect 

and less satisfactory in experimental animals than in the 
tetany of adults, from which it may probably be assumed 
that the psychic elTcct of any treatment plays a part there” 
In the same year Ilanson (03) prepared an extract of ox 
parathyroid glands b\ boiling them with weak hydrochloric 
acid and claimed that it produced beneficial results in the 
treatment of human tetany AH such early work fell short 
of establishing beyond doubt the presence of an active principle 
m a concentrated extract 1 Colhp achieved this in 
Ills method consisted essentially in boding fresh minced 

1 Aside. from suggestive work by Berman Ilanson and some others 
nothing thoroughly conclusive os evidence of a para thy raid hormone 
wav presented until Colhp arrived on the scene ’ (67) 
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glands with dilute hydrochloric acid for from thirt\ to sixty 
minutes cooling and removing fat then adjusting the pH 
to 8-0 or 9 0 until suspended materia] had dissoJv ed, and again 
to 5 5 when a precipitate formed This was filtered off and the 
active principle salted out of the filtrate redissohed in dilute 
alkali and purified by similar procedures 

\ anous modifications have been suggested without material 
impnnement (145) (For details of the methods see Harrow 
and Sherman (67) ) So far the acti\ e principle has not been 
obtained in pure er\ stall me condition 

The chemical properties of the most highlv purified prepara 
tion so far obtained are such ns to indicate that it consists 
essentially of a protein It gives the protein colour reactions 
and is precipitated b> picric and picrolonic acids Tests for 
carbohv drates are negative The dried product contains 
15 5 per cent of nitrogen and traces of iron and sulphur It is 
soluble tn water and in 80 per cent alcohol but insoluble in 
ether, acetone and pyridine The desiccated product and 
solutions m w eak acid are stable The phv siological activ ity is 
completely destroyed by boiling for one hour with 10 per cent 
hydrochloric acid or 5 per cent sodium hydroxide or by 
incubation with pepsin or trypsin The latter facts explain 
why the parathyroid principle is inejfecine i chen administered 
orally Belief that it is a protein is supported by the fact that 
it does not dialyse through a collodion membrane There is 
evidence that its activitv is associated with the presence of a 
primary ammo or acid amide group (148) 

The method of standardization of the principle is dealt mth 
later 

The Effects following Administration of an Active Extract 
When 'i potent extract is injected subcutaneously or 
intramuscularly into a normal dog the most striking and 
conspicuous effect is an increase in the concentration of the 
plasma calcium This continues for from twelve to eighteen 
hours , the maximum attained, following a single dose seldom 
exceeds 18 mg per IDO cc serum The calcium then sloivl) 
falls to normal value Intravenous injections produce their 
maximum effect earlier — in four to eight hours — and this is 
relatively slight (145) 
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When continued injections are given vwth onlj three or 
four hour intervals between injections they produce within 
a relatnelj short period of time a verj characteristic and 
striking tram of events which has been exhaustive!} studied 
and reported by Colhp (28) During the first tw enty four 
houts while the blood calcium is rising steadily to a peak of 
about 20 mg pey 100 cc. serum the animal h3S occasional 
attacks — commencing some hours from the start of the 
injections — of vomiting and diarrhoea and m»j manifest 
uneasiness of manner but otherwise appears normal The 
peak height of calcium maj be maintained for several hours 


i 


Fic 11 Tt e blood scrum calcium and whole blood inorganic 
phosphorus curves m continued parathyroid overdosage 
in the normal dog (From Coll p Mediate IC’fi v 22) 

it then starts to fall Occasional attacks of vonutmg and 
diarrhoea continue The animal becomes more and more 
depressed respiratory distress maj be noted 
As the blood calcium falls inorganic phosphorus rises and 
more serious sjmptoms appear \onutmg continues The 
animal commences to pass blood b> the bowel Blood urea 
and non protein nitrogen increase great]} Blood volume 
diminishes and the blood thickens Its coagulation time 
diminishes (Blood samples are obtained from peripheral v eins 
only with difficult} ) The hidne} practically ceases to function 
A number of these changes are illustrated in Tigs II and 12 
Studies of carbon dioxide content combining power and 
pH of the blood plasma indicate that there is a condition of 
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compensated alkalosis on the first day which passes into a 
condition of compensated acidosis and this changes to 
uncompensated acidosis just prior to death 
Post mortem examination discloses marked congestion of 
the alimentary canal and presence of blood in the stomach 
and intestine Calcification has been obsened — especialh 
in the space of Bowman s capsule and lumina of the tubules 
of the kidney s and also m the walls of the lesser arteries and 
the Kuppfer cells of the In er (14o) 

This pathological picture of acute effects follow mg o\ erdosage 



affected by repeated inject ons of potent parathvro d 
extracts and frequent bleedings (From Coll j Med cine 
19°D v 23 ) 

can be almost exacth paralleled b> combined injection of 
calcium chloride and acid sod um phosphate (\aH z P0 4 ) 
whence the actual symptoms may be ascribed to coincident 
hy percalcaemia and hyperphosphataemia (I4S) 

The effects following prolonged treatment with sub lethal 
doses will be dealt with under the caption hyperpara 
thyroidism 

Different species of animals tary greatly m their response 
to injections of actn e extracts Cats are much more refractory 
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Hats are almost immune, and rabbits seem immune to repeated 
injections (J45) The response of man is similar to that of the 
dog, although he seems more resistant to ov erdosagc (143) 
Some of the contradictor} results with animals that have been 
reported in the literature seem duo to difference m the diets of 
these animals, others to diflerentcs in rate of excretion of 
lakiuni (149) 

Shelling considers that man} of the effects of acute hyper 
parathyroid ism nrc due to continued diuresis and the resulting 
arilij draenua leading ultimate]) to anuria a7otacinm and 



Fig Id Dor in trtan} fifty nine da\s after thyropara 
thyroidectomj (1 rom Collip J Biol Chem 1025 Ixm 
400 ) 

death so that rational treatment of such condition is to replace 
m a ter ond electrolytes (130) 

It 1ms been suggested that the clTect of the parathyroid 
principle is primarily upon the blood phosphate (14C) the 
potential interrelationship between plasma calcium and 
phosphate has already been mentioned (cf pp 103 and 107) 
Following the administration of a potent parathiroid extract 
(parathormone) there is a slight increase in blood magnesium, 
antecedent to the rise in blood calcium (130 55) The eflect 
on calcium and phosphate is almost immediate 11 ithin the 
first hour urmary phosphate excretion increases blood plasma 
inorganic phosphate falls and calcium increases (93a) 

Chronic treatment with paratliyToid extracts gives results 
in animals simulating human osteitis fibrosa (cf p 128) 
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Conferred Immunity The same dog does not giv e a constant 
response to the same dose \\ hen repeated injections are giv en 
at intervals of several days (so that the blood calcium returns 
to normal before further injection is given) the second may 
produce a greater effect than the first, but later injections show 
a decrease in response — apparently tolerance to the principle 
is increased (143) Rats also appear to develop an immunity 



rio 14 The same dog as in 
Frc 13 Complete recovery 
three hours after subcutaneous 
injection of a potent para 
thyroid extract (From Collip 
J Biol Chan loc at ) 

(119) The explanation appears to lie in the precise mechanism 
of action of the principle (cf p 118 ) 

Tay lor (144) has succeeded, by giving gradually increasing 
doses of parathyroid extract to dogs, starting with 2 units per 
day, and increasing the dose at w eeViy intervals m producing 
m two or three months a state of tolerance to the hormone, 
in which the dogs remained apparently normal and with normal 
serum calcium At this stage of tolerance to doses w hich usually 
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prove fatal the dogs were also immune to massive doses of 
irradiated ergosterol Serum from these dogs injected into 
others along with parathyroid hormone failed altogether to 
alter the normal response to the hormone (thus giving no 
evidence of inti hormone production cf p 419) 

The Parathyroidectomlzed Animal Injection of the active 
extract into such dogs produces results comparable to those 
obtained on the normal animat The blood calcium rises as 
usual but from a lower level Repented injections produce 
the same pyramided effect and the same lethal result if 
continued sufficiently Tetany is relieved relief being coincident 
with increase of blood calcium to above the tetany level The 
slight increase in blood phosphate produced by extirpation of 
the glands disappears (28) Collip kept para thy roidectoimzed 
dogs alive for over a year l>j daily injections of potent extracts 

ithdrawal of extract at any time led to early onset of tetany 
The effects are shown clearjy in Figs 18 and 14 Ills results 
have been completely confirmed by numerous m\ esti 0 ators 
(Cf also 124 ) 

Cats are similarly restored to normal Rabbits following 
remov al of the glands exhibit tetany rapidlv with a marked 
preterminal rise in blood phosphorus The tetany can only 
be controlled by immediate injection of the principle ( 28 ) 
Man suffering From parathyroid deficiency following operative 
procedures responds to treatment as satisfactorily as does tl c 
dog (cf however p 121) 

According to Kozelka parathyroid hormone is ineffective in 
controlling the tetany of parathyroidectonuzed rachitic rats (80) 

Methods of Assay Up to the present time there is no 1 lological 
procedure sufT ciently precise to be generally acceptable 

Collip originally defined the unit of j otency of a pnrathy roi 1 
extract as one one hundredth of the amount of extract wh eh will 
produce in fifteen hours an average increase of 5 mg per 100 cc 
serum in the blood calcium of normal dogs weighing about 20 kg 
following subcutaneous or intramu cular injection Indn iduil dogs 
exhibit considerable variation in the r response and tie response 
for any single dog may vary at different times Hence t! e average 
for a fairly large number is necessary They should be starved for 
twenty hours before the test and young dogs are recommen led (28) 
The actual response is roughly proportional to the d se There is 
however no regular relationship between the result from a given 
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dose, and the weight of the animal used for assay (1 45) The method 
can only be considered as roughly accurate 
Bum has suggested that the rise produced in the serum calcium 
of cats in too hours, after intravenous injection, should be used a-, 
assaj , but Allardyee found no appreciable rise, so that the method 
seems unsound (145) 

Hanson has proposed a smaller unit — 1 per cent of the amount 
required to produce a 1 mg rise in the serum calcium of 15 kg dogs 
twenty four hours after parathyroidectomy (145) 

A somewhat tedious but possibl} accurate procedure has been 
recent!} suggested based upon increase in urmary calcium when rats 
are injected with parathyroid extracts (39 119) The response to 
various doses of the same preparation is said to be proportional to 
the logarithm of the dose lising such a method it is suggested that 
a rat unit be defined as one tenth of the amount of hormone needed 
to produce an increase of 1 mg in the total urinary excretion of 
calcium (147) 

The Relationshp between the Parathyroids and Vitamin D 
and the Function of the Parathyroids 
An old theory , thoroughly discredited (28 145 128) that the 
parathyroids are concerned with the destruction of guanidine 
compounds, and that parathyroid tetany is a guanidine tetany, 
is still further disproved by the observation of Anders and 
Myers (7) that the blood content of guanidine compounds was 
normal m 8 eases of parathv roid tetany 

Vitamin D, whether the natural product CyjH^OH from 
cholesterol, or calciferol C Ig H 4J OH prepared artificially by 
irradiating ergosterol, is an important agent in the control of 
calcium metabolism, and the type of action it produces has led 
to a theorv of interrelationship between the vitamin and the 
parathyroid hormone When there is a defieiencv of the 
v itamm through lack of exposure to the sun of the material of 
the diet or of the indiv idual or or both, the blood calcium may 
be lowered Administration of the v itamm in such a condition 
(one form of rickets) restores the blood calcium to normal 
Ov erdosage of the (art ficial) v itamm, if marked, leads to hy per 
calcaemia, and to deposition of calcium salts in various sites 
Hess and his eo w orkers considered that the v itamm 
stimulated the parathyroids to secrete the hormone, and thus 
achieved control of calcium metabolism They could not 
produce hy perealcaemia by administration of the v itamm to 
para thy roidectomized monkeys and dogs Later investigators, 
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however showed that sufficiently large doses of the vitamin 
Will maintain such annuals in good health with normal blood 
calcium while the treatment has been proved beneficial when 
tetany follows human thyroidectomy (145) 

All such successes are open to the criticism that parathy roid 
tissue had not been completely remov ed and that the residual 
traces had been stimulated to compensatory action by the 
vitamin Taylor investigated this point carefully his animals 
in which all tissue liable to contain accessors parathyroids had 
been removed usually developed tetany which could not be 
relieved by the vitamin however excessive the dosage Other 
investigators did not obtain such definite results (145) 
Shelling (186) criticized laylors experimental evidence in 
support of direct relationship ns vitiated by inadequate control 
of dietary factors 
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parathyroid action is primarily on calcium or on phosphate 
metabolism The argument in favour of the latter \iew has 
been well set out b\ Shelling (136), but since there is a complete 
interrelationship the problem is difficult to settle 
There is good evidence that the hormone acts directl) on 
the solid material of bone The complex mechanism of bone 
formation will not he dealt with here Action of a specific 
enzj me, a phosphatase, is m\ol\ed The studies of Robinson, 
Kay, and others, on the action of this hone phosphatase, 
hate been summarized by Kaj (cf 145) 

It is important in all studies of calcification and decalcifica 
tion to remember that the solid material of bone is in a state 
of flux, liable to dram and repair according to other needs 
of the organism This solid material not onl) functions as a 
supporting framework, hut also as a storehouse for calcium 
and perhaps also for phosphate This is well shown in the 
calcium exchanges during lactation, where frequent!) the 
drainage of calcium from the bod) during milk formation 
is vastly greater than the total amount of calcium present in 
other than bony tissue (103) In many other less drastic e\ ents 
bone is denuded of some proportion of its store (145) 

It is most probable that the primary action of the parathyroid 
principle on bone results m liberation of calcium and phosphate 
b) some direct stimulating action (145) Such theor) of direct 
action is not complete!) accepted \ arious other theories have 
been advanced general}) complicated ones (cf 13 6) let the 
histological studies quoted below seem to afTord definite proof 
of direct action From this it w ould seem to follow that plasma 
is not normall) saturated with respect to the bone solid 
Equally possible is the assumption that such saturation 
onl) exists locally in bone, and is due to the action of bone 
phosphatase in increasing local concentration of morgame 
phosphate It seems, possibl), that one result of action of the 
parath>roid principle is depression of the action of the bone 
phosphatase (the data on this point are contradictory) (145) 
Histological ewdence supports the theor) of direct action 
Experiments in Colltp s laboratory , carried out b) Sel) e on 
rats, in which sub lethal doses of a concentrated extract of 
the parath)roid principle were injected o\cr long periods, 
showed that the effects can be divided into tv o stages During 
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the first stage fibrous transformation of the bone marrow and 
the formation of numerous osteoclasts can be seen These 
osteoclasts bring about absorption of bone, and thereby 
denude the skeleton of calcium During this first stage 
numerous calcium deposits appear in v arious organs The bone 
picture is stmdir to that seen in osteitis fibrosa generahs 
(see p 123) 

\\ hen the injections are continued o\ er a long period 1 the 
rats pass into a stage of apparent immunity to the parathyroid 
principle, which is, however actually a state of increased 
tolerance (cf p 113) In this stage the bone marrow again 
changes osteoclasts disappeir, and a large number of ostco 
blasts appear These prevent further denudation of bone from 
the skeleton and may cv en lead to increased deposition of solid 
m bone , the (Inal pathological picture is suggestive of so called 
“ marble bone ’ The apposition of new bone tissue is most 
active in the metaphysis of the long bones, just as in marble bone 
disease the shaft remains practically normal (cf 181, 145) 

The experiments of Pugsley (119) are in chemical agreement 
with these findings In such rats prolonged injections lead 
first to increased calcium excretion, but finally to decreased 
excretion 

Shellings results (137) are not in complete agreement he 
considered that dosage and the calcium and phosphorus 
content of the diet condition the response Burrows (18) seems 
in general to confirm Selycs conclusions although his work, 
except from the anatomical standpoint, seems somewhat 
uncritical 

belye showed further that if only very small doses of the 
hormone are administered there is no osteoclast formation, 
so that the first stage is omitted within a few days the 
osteoblasts become larger and more numerous and bone 
apposition is stimulated 

Vitamin D at first sight appears to produce comparable 
results \\ hen it is giv en in large doses to v cry young animals 
it leads to bone resorption with spontaneous fractures (133 30) 

* Chronic experimental hyperparathyroidism frequently produces a 
chrome nephritis m rats due apparently to deposition of calcium phosphate 
within and without the kidney tubules with obstruction leading to atrophy 
of some nephrons and dilatation of others (23a) 
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But when it is given in small amounts over long periods 
increased calcium deposition in bone results the cortical tissue 
becoming denser and thicker (129) 

Sclye has shown (131) that while the macroscopical aspect 
of the bones after such treatment is extremelv similar to that 
observed after chronic parathv roid overdosage histologically 
the picture is very different Osteoblasts and osteoclasts arc 
present in normal quantities The hone marrow is of the 
1} mphoid type The epiphyseal cartilage is extremelv narrow 
and irregular The zone of preliminary calcification is well 
developed m some parts and totallv absent m others m one 
and the same bone The subepiphy seal zone is composed of 
small amounts of spongv tissue wh le the rest of the metaphy sis 
contains onlj compact bone The enlargement of the shaft is 
less conspicuous but is demonstrable Both on the periosteal 
and on the inner wall of the original shaft thick lasers of newlv 
formed osteoid tissue are apposited Mam bone lacunae in 
the wall of the original shaft are empty indicating death of bone 
cells under the influence of the vitamin The new bone 
formation in this vitamin intoxication mav be mcreh of a 
compensators nature 

Sely e s observ ations seem to lessen the probabil tv that 
parathyroid action is under \ itamm control Slight dosage of 
the hormone facilitates bone deposition Increased parathyroid 
action if sufficiently prolonged reverses the procedure This 
seems to render unneeessarv an> assumption that there is direct 
action on blood calcium It has also been shown recently (145) 
that the parathyroid principle does not increase the solvent 
power of blood plasma for the calcium compounds of bone 

The theorv that the primary action of the hormone is on 
phosphate metabolism lias been mentioned (p 117) There has 
been within recent vears an attempt to associate this action 
with excretion of phosphate through the kidneys Although 
Collip (29) show ed that the characteristic action on bone occurs 
after bilateral nephrectomy in rats vet Tweedy (49) can find 
no evidence that parathv roid extract (or indeed massive doses 
of calciferol) produces any action on blood and tissue calcium 
in such experimental animals and considers that mobilization 
of the calcium stores of the body by the hormone depends on 
kidney function 
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Goidby and Stacey (53 52) and Morgan and Samiseh (109) 
hive brought forward experimental evidence m favour of the 
v lew that the function of the hormone is to produce phosphate 
diuresis through a specific effect on renal tissue, and much of 
the clinical evidence from studies of cases of hyperpara 
thyroidism can be similarly interpreted But as pointed out 
on p 117, the close interrelationship between calcium and 
phosphorus metabolism renders the subject almost polemical 
Our present knowledge therefore only permits the statement 
that the parathyroid hormone controls bone deposition and 
denudation either directly, or indirectly, through control of 
phosphate excretion by kidnev tissue 1 The rough Constancj 
of blood calcium and inorganic phosphate probably depends 
on a senes of equilibria between rates of absorption and 
excretion of calcium and phosphate and degrees of bone 
deposition and denudation such equilibria being controlled by 
the parathyroid hormone and vitamin D probably acting 
independently Excess of the hormone produces (by direct or 
indirect action) undue denudation of bone and increased blood 
plasma calcium and decreased plasma phosphate (due perhaps 
to increased phosphate diuresis) while deficiencj of the hormone 
stops denudation of bone and blood calcium falls J 
The very high blood plasma calcium in laying hens seems 
to depend on the integrity of the parathyroids (79) 

Treatment of Hypoparathyroidism 
Human hypoparathyroidism is seen most commonly as a 
condition following thyroidectomy Not Infrequently a 

* Brill I and Carbonesco have very recently shown that if a dog w 
parott yroidectomizcd and forty eight hours later a kidnev from it is 
transplanted it excretes much less phosphate than docs one transplanted 
from a norrml dog and perfused with the same blood at the same time 
Thomson and Colhp incline to the view that the controls of Imne and kidney 
by the hormone are distinct and independent functions (14-1 a) 

* It has l een cla med that when sufTc ent vitamin D is admin stered 
to pnrathj roidectomized pups {87) and rats on optimal calcium diet (ISO) 
to maintain normal blood calcium and phosphorus normal bone develop 
ment occurs and if such treatment is maintained the parathyroidecto 
m zed animats can successfully survive an entire reproductive cycle If 
such a statement is confirmed then the conclusion reached by the 
investigators seems rational and it would seem that the parathyroid 
glands do not perform a specific function in metabolism essential to life 
nevertheless the life of these animals can scarcely be considered as norma! 
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transient post operative latent tetany is observ ed, accompanied 
by a slight fall of blood calcium (122) \\ hen open mamfesta 
tionS occur, the} can be controlled b} oral administration of 
calcium lactate or gluconate or, if severe, b} administration of 
vitamin D or injection of parathyroid extract Boothb} (15) 
recommends frequent doses of calcium lactate with cod In er 
oil, and finds that parathyroid extract is seldom necessary It 
but seldom happens that so much parathyroid tissue is remov ed 
or irretrievably damaged that persistent t eta in results Even 
after a long interval h} pertroph} of a trace of remaining 
parathyroid seems to be possible (145) 

While the estimation of that degree of manifestation of tetan} 
calling for record probabl} vanes in different surgical clinics 
with good surgeiy such manifestation is rare In 1934 the Cnle 
clinic reported an incidence of 1-3 per cent m 11 500 cases of 
thyroidectom} , in 1931 the Ma>o clinic 1 5 per cent in 13 300 
cases and in 1937 the Lahey clinic 0 2 per cent in 13 000 
cases (142) 

Lisser and Shepardson (145) have shown that continual 
administration of parathyroid extract in a case of persistent 
tetan} sets up a gradual tolerance and that increasing the 
dosage to control the tetanv final!} becomes ineffectual so 
that death ma} result Such acquired tolerance accords with 
experimental results (cf p 113) and mav be due to a rev ersal 
of the effect of the hormone (cf p 118) though Shelling 
attributes it to high dietar} phosphorus (130) a theory to which 
Margaret Hoskins experimental findings on rats kept on diets 
w ith different calcium/phosphorus ratios lend some support (75) 

Cantarow has reported (23) a case of se\ ere chronic idiopathic 
tetan} due to parathyroid msufficienc} , in a }oung girl, which 
did not respond to vitamin D therap} but did respond 
satisfactoril} to high dosage of parathyroid hormone combined 
with high calcium and relatn el} low phosphorus intake, during 
five and half }ears Ultimatel}, however, this regime failed 
Anderson and L} all (7a) claim that normal blood plasma 
calcium and phosphate levels can be maintained in hypopara 
thyroid patients by diets low in phosphorus and high in calcium 
(supplemented b} calcium lactate) without \ itamm 2? or other 
therapy 

Veiy rarel}, parathyroid hormone is quite ineffective in 
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inducing increased blood calcium Hunter and Aub (78) noted 
that one out of sev en cases treated for lead poisoning completely 
failed to respond until an increased blood calcium although the 
patients calcium excretion was increased in usual fashion 
Merritt and JIauer (101) obtained no significant elevation of 
blood calcium m two of seven patients (with normal para 
thjroids) injected with the hormone Mathew son and 
Cameron (102) obtained no response when the hormone was 
administered in a case of purpura of undetermined origin Such 
results have no definite bearing on the treatment of hypopara 
thyroidism since in these cases the blood calcium was normal 
before treatment The failure to respond is possibly associated 
with an unusual facility to excrete calcium through the kulnej s 

An advance of considerable importance lias been the apphea 
tion of dihydrotachyslerol one of the products of ultraviolet 
radiation of ergosterol to cases of post operative and idiopathic 
tetany This compound was first isolated and used clinically 
by Holtz (73) and is generally known as A T 10 (Anti 
tetamcmittel Nr 10) It has since been favourably reported 
on bj a number of clinicians (cf 132 95 110) Jclke(82)has 
published a good bibliography concerning its use m over 300 
cases mostly of post operativ e tetany 1 

The compound dissolved in oil is administered orally It 
acts more slowly than the parathyroid hormone but no 
immunity to its action is established by prolonged use It 
abolishes tetanj m two to three dajs and somewhat more 
slowly raises the blood calcium to normal v alues It prev ents 
depletion of tissue calcium and causes exogenous calcium to be 
properly utilized It has been used successful!} tn cases which 
have dev eloped a resistance to parathyroid hormone Initial!) 
and until tetanj disappears fairly large dosage can be emploj ed 
the dose is then rapidly lowered until a small maintenance dose 
given once in several dajs suffices If treatment is stopped 
the tetany reappears The treatment has some disadvantages 
A T 10 is not a harmless compound Ovcrdosagc leads to 
hjperealcaemia and toxic symptoms Treatment must be 

1 Accord ng to \ Werder {15 til d hydrotachy sterol can be regarded 
as calciferol (\itam n D t ) to whcli t *o atoms of hydrogen have been 
added converting the attached met! ylcne group ( CH,J to a met! yl group 
with elimination of a double bond 
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individual, so that, especiallj in the initial stages adequate 
control by repeated determinations of blood serum calcium is 
essential The material is expensiv e 
There b some evidence that, especiallj in children certain 
cases of tetanj are associated with deficiencj in parathyroid 
function due to haemorrhage into the glands (85, 10 14G) The 
administration of parathjroid extract has been found beneficial 
Shannon (134) has also found its administration is beneficial in 
certain children manifesting ps> chic disturbances (convulsions, 
irrationalism acute manne excitation etc) that he bclie\ed 
were due to hjpoparathjroidism 

A curious case of temporarj idiopathic parathyroid tetanj 
(not associated with rich ets) m a seven weeks’ old boj is 
reported bj Fmcus and Gittleman (118) The infant responded 
favourably to treatment with parathj-roid extract Cessation 
of treatment led to renewal of the tetanic com ulsions, but after 
a few weeks, when treatment was discontinued, no tetany 
ensued and the patient remained well 

ParathjT-oid hormone and vitamin D therapies are contra 
indicated in cases of osteogenesis imperfecta since they produce 
negative calcium and phosphorus balances m these cases and 
thus tend to accentuate a functional disturbance already 
present (C4) 

Hyperparathyroidism 

Acute and chronic experimental hj’perparathjroidism have 
been described (pp 110 112) The corresponding clinical 
conditions exist and are of great interest Although clinical 
hyperpara thjTOid ism is rare now that it has been thoroughlj 
studied diagnosis is easier, and cases are being diagnosed more 
frequently 

The pathology of hj perparathj roidism primarily involves 
the bones or the kidnejs or both The relative case with 
which the kidneys can dispose of an increased calcium and 
phospliatc load probablj determines whether bone lesions or 
kidney stones first bring the patient to his physician The 
cause of the hj perparathj roidism is vsuaily an adenoma of 
one or sometimes two glands less often generalized parathyroid 
hyperplasia 

Generalized osteitis fibrosa (von Recklinghausen’s disease of 
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bone) was differentia ted from osteomalacia b\ von 
Recklinghausen in 1891 and was associated with a purnthv raid 
tumour by Ashenazy m 190 1 In 1920 the first operation for 
the condition w as performed by Mandl and a tumour was found 
and removed (145 35) The disease is progressive with pain 
(referable to the bones and joints of the lower extremities and 
to the spine) fractures and markedly disabling deformities 
and usually proceeds to a fatal termination (in absence of 
surgical treatment) All bones may show pathological 
decalcification with osteoclastomata Multiple foci of osteitis 
fibrosa occur with or without benign giant celled tumours and 
cjsts The condition is more frequent m women Renal 



1 1 1 j Anlero external curl at are of forearm ai (1 lurge bony 

swell ig on dorsun of r git hand from a cose of generalized 
osteitis fibrosa (From Hunter Ptoc Hoy hoc Med 
1931 xxiv 480 Cbn Sect ) 

calculi are common Metastatic calcification is not infrequent 
Thirst and polyuria are often present 

Radiographs of patients frequently show greatly diminished 
density ofboneshadow and pictures comparable with those seen 
in osteomalacia and gei erahzed carcinomatosis Histological 
examination of the bone from autopsy material shows lacunar 
resorption apposition fbrosis of marrow and formation of 
osteoclastomata and cy sts There is a generalized osteoporosis 
Hodges (72) and Compere (31) have recently dealt m detail 
with the skeletal changes 

Chemical study of such patients shows usu illy a high blood 
calcium low blood inorganic phosphate and markedly increased 
excretion of calcium and phosphorus Recorded figures for 
serum calcium v ary from high normal to 2J 4 mg per 109 
c c (130) Plasma phosphorus usually v nnes from 2 5 down to 
1 0 mg Plasma phosphatase is often high 
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Onset of the disease is insidious It mav Inst many y ears A 
history of thirty nine y ears has been recorded (1) It is 
commonest in middle adult life, but can occur even m y oung 
children (136} 

Amongst others Churchill and Cope ha\ e recently described a 
suitable surgical technique (26) 

At operation, m the majority of cases only one tumour is 
found , rarelv, tumours of two glands are present Sometimes 
repeated operation is needed to find a tumour The} are 



Tic 10 Controlled radiograph of njht hand and forearm 
(ef Jig 15) (From Hunter Proc Hoy Soc Med lot cit) 

seldom palpable The largest so far recorded measured 
75x50x18 cm , and weighed 26 2 gm , it was situated 
behind the trachea Tumours ha\e been rejiorted in the 
jaw (27) and completely embedded m the thyroid (151) The 
size bears no relation to the severity of bone lesions, m a 
severely crippled patient the tumour only weighed 1 3 gm 
0,prxatj£u> ahcOjsbes in almost, nil cases Jlrstox.ai.'ao of 
calcium metabolism to normal occurs with varying rapidity 
A hy pocalcaemia frequently develops, and latent and even 
own tetany may occur General symptomatic improvement 
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takes place and crippled patients may reco\ er sufr ciently tote 
able to walk, without artificial aid 
Figs 15 and 16 depict the typical bony cunature and 
diminished density of bone shadow as seen m one of Hunter s 
cases (76 77) Fig 17 shows the changes in blood calcium and 
phosphorus in the same case Excellent illustrations of the 
extreme deformity which can occur and the degree of reco\ en 
possible in such an extreme case following moot al of a tumour 



Fig 17 Chemistry of the blood of II nler s rase of general zed 
oste 1 s fibrosa The blood was exam ned for t vo months 
before and for fven onVhs alter operation Ti e lo v calc urn 
d et was tl at g sen dun g the mvestlgat on of tl c calc um 

I itlance Tl e I gh calci m del was not weghed (From 

II ntcr Proc U o j Soe Med lot c t) 

are to be found m a paper by Quick (1**1) Tl e reealcificat on 
of bones is somet mes marked (10) 

A case has been reported m wh th after remox al of a 
parathy roid adenoma and improvement the condit on recurred 
four years later and at post n ortem another adenoma was 
found (46) 

Exper mental chronic liyperparathyro dism has produced in 
dogs guinea pigs and rats a picture markedly resembl ng that 
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of clinical osteitis fibrosa (14o 81 84 156 83 112) while in a 
normal human subject sufficient symptoms hav e been produced 
bj less drastic dosage to confirm the liyperpara thyroid nature 
of the clinical disease (~7 84) Selv e s studies suggest the 
mechanism 

The Hyperparathyroid-Kidney Stone Syndrome Albngl t first 
stressed the occurrence of hyperparathy roidism without 
appreciable bone involvement but w ith kidnev lesions and 
stone (1) 

When the kidne\s are involved the earliest symptoms may 
be associated with renal stones of the calcium phosphate type 
and secondarily with pyelonephritis Less often calcium 
phosphate can be slowlv deposited from the kidney tubules m 
the parenchyma the concretions e\entually leading to inflam 
matory changes scleros s and contracted kidness Jn this 
type of case blood phosphate may be normal or e\en slightly 
increased (1) (In a case reported b\ Elsom (42) the earlier 
symptoms were for some time considered as rising from an 
aty pical form of glomerulonephritis ) 

It is now generally recognized that m treating cases of kidney 
stone potential hyperparathyroidism must be borne in mind (89) 

Albright (3) considers that while cases of the classical type 
with bone disease (and high blood phosphatase) usually develop 
post-operatn e h> pocaleaemia the kidney stone type of case 
usually does not 

While reeurreney of stone formation is probably prevented 
by operative removal of a tumour and the general condition 
of the patient is strikingly improved the kidney damage — as 
measured by the urea clearance test — does not seem to be 
greatly repaired (42) 

It is still difficult to estimate the proportion of h\perpara 
thyroid cases exhibiting kidney stones Castleman and Mallory 
analysing twenty five of their own cases and anotl er 119 from 
the literature in 193o (24) found that seventy five showed 
osteitis alone fourteen renal stones alone and fifty five both 
osteitis and renal stones The proportion exhibiting no detect 
able bone changes will probably prove to be considerably 
greater when a much larger number of cases can be rev lew ed 
Barney and Mintz (12) report that of their 340 cases of kidnev 
stone hyperparathyroidism was responsible for between 4 and 
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5 per cent The symptoms and signs of urinary lithiasis m 
hyperparathyroid cases do not differ from those of lithiasis 
from other causes {Albright has recently discussed the 
possibility of dissoh mg kidney stones by introducing from 
below * through a catheter solutions of sodium citrate citric 
acid and of sodium hexametaphosphate (6 v.) ) 

Hyperplastic Parathyroids In considciing cises with 
hyperplastic glvnds Albright differentiates between primary 
and secondary involvement of the paratliyToids lie has 
reported several cases of primary idiopathic hypertrophy or 
hyperplasia (0) in which all the parathyroids are enlarged 
apparently through hypertropliv rather than hvpcrplasia The 
cause of the hy pertrophy is not known and there is no evidence 
inv olvmg the pituitary The degree of glandular hy pertrophy is 
proportional to the by perparothyroidism in contrast with 
findings in coses of adenoma (cf 24) Surgical treatment is of 
more doubtful benefit m such cases (2) 

Contrasted with this condition is what Albright terms 
renal osteitis fibrosa cystica (4) a rare condition in which 
through long standing severe renal insufficiency there is 
marked phosphate retention while the serum calcium is normal 
or low there is sev ere acidosis medial arteriosclerosis calcium 
deposits round joints and bone changes like those in osteitis 
fibrosa but more generalized while the parathyroid glands are 
all markedly enlarged This enlargement is considered to be 
compensatory due to the phosphate retention Albright 
considers that this syndrome is for adults a counterpart of 
renal rickets (in w Inch he claims that the rickets is really an 
osteitis fibrosa) (Chow n has published clinical and expen 
mental evidence which su D gests that the nephritic lesions in 
renal rickets are traceable to hyj ercalcaerma of para thyroid 
origin (25) The two views are not necessarily in conlhct ) 
Drake Albright and Castleman (3*) hav e shown that 
repeated parenteral injections of phosphate into rabbits leads 
to definite hyperplastic enlargement of the parathyroids and 
believe that these experimental results support Albrights 
view 

Osteitis Fibrosa of Non-parathyroid Origin Albright (5) on 
basis of study of fiv e cases (and thirteen others cited from the 
literature) has described a syndrome characterized by osteitis 
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fibrosa disseminata, non ele\ ated areas of brow n pigmentation, 
and endocrine dysfunction, with precocious puberty m females 
Bone changes are localized Calcium and phosphorus 
metabolism are normal The condition is not one of hy perpara 
thyroidism, but is probably due to some embry ological or 
trophic neurological disturbance, rather than to a primary 
endocrine cause 

Diagnosis of Hyperparathyroid Conditions In considering 
diagnosis, the classical picture is clear cut Difficulties arise 
with border line cases 

In thirty fi\ e cases in one series (3) blood calcium \ aned by 
roughlv equal increments all the way from 10 7 to 17 3 mg per 
100 cc serum Nine of these cases had values below 12 mg 
The majority of cases has e phosphorus \ alue Lelow 2 5 mg 
■ (cf also 60) Albright (3) gises the following criteria for 
assistance in diagnosis of border line cases 

If serum calcium is not definitely high consider whether the 
serum phosphorus is persistently low or urinary calcium 
excretion is increased 

If the presence of kidney stones constitutes the only swnptom, 
and if these are largely composed of calcium phosphate, while 
there is no ob\ious cause such as infection or obstruction for 
their occurrence, then hy perparatlrvroidism should be seriously 
considered 

If serum protein is low, while the figure for serum calcium is 
normal, then the ionized calcium fraction is probabh aboi e 
normal (cf 99) 

If hyperparathyroidism is diagnosed on such grounds as these, 
then at operation a tumour ma\ or may not be found Albright 
reports tliree unsuccessful cases, although he comments on the 
possibility of minute, undetectable tumours 

Some other aspects of differential diagnosis may be mentioned 
Blood calcium and phosphorus are normal in uncomplicated 
Paget’s disease, calcium is elevated in many cases of multiple 
myeloma (with normal or slightly high phosphorus) and is 
sometimes increased in carcinoma with bone metastases (while 
phosphorus is usually normal! (60, 186,1 

Hamilton and Highman (02) suggested, as a test for hyper 
parathyroidism, intramuscular injection into rabbits of 80 c c 
of the patient’s blood, which is supposed to cause a rise in the 

* * E5D0C S 
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blood calcium of the rabbit Gilhgan(50) could obtain no 
results supporting the test 

Definitely high blood calcium is occasionally found in acute 
gout, in arthritis deformans, and in poly cy thaenna \ era (17) 
Possibly because of such findings, cases of arthritis have been 
operated on with removal of one or more parathyroids (cf 48), 
while on more general grounds similar operation has been 
recommended in various diseases mvolung bone (cf 154) 
Bauer (13) has appraised such views critically and definitely 
He emphasizes the fact that the bone changes m hyperpara 
thyroidism are generalized and are due usually to an adenoma, 
while the changes in arthritis and Paget s disease are not 
generalized and are not due to hyperparathyroidism He does 
not believe that any patient should be subjected to para 
thyroidectomy unless sufficient evidence lias been gathered 
from the history, physical examination X ray examination, 
and metabolic studies to leave no doubt as to the correctness 
of the diagnosis (cf also 31 111, 59) 

Acute Clinical Hyperparathyroidism Hanes (03) has described 
such a case A woman of forty nine gave a history which, in 
light of present knowledge indicated that a marked hypeTpara- 
thyroid condition had existed for at least five years, with 
definite kidney calcification During examination a blood 
serum calcium of 20 mg per 100 c c , with 4 7 mg phosphorus 
changed in three days to 22 nig (and 4 8) There was a marked 
nodule of about 2 cm in diameter at the left lower pole of the 
thy roid 1 his was undoubtedly subjected to repeated palpation, 
winch may have been the cause of the final parathyroid 
intoxication from which the patient succumbed four days later 
Death was preceded by marked asthenia nervousness (m 
contrast to previous cheerfulness), and slight fever, with 
generalized aching pain The cause of death was apparently 
circulatory failure from the parathyroid intoxication (The high 
phosphorus corresponds to the pro mortal increasing phosphorus 
in acute experimental parathyroid poisoning, cf p 110 ) 
The post mortem picture strikingly resembled that of dogs and 
other animals dead from continued parathyroid injections 

At the other end of the scale is an interesting case reported 
by Frideneksen (47) of tetany in a suckling, with latent osteitis 
fibrosa in the mother 
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Other Parathyroid Diseases 

Malignant Tumours of the Parathyroid Eighteen cases 
have been reported (61) but m only one of these was there 
definite evidence of hyperparathyroidism accompanied by 
decalcification of the skeleton (155 lo3) 

Marble bone disease a condition of extreme brittleness of 
the bones seems to be associated with chronic hyperpara 
thyroidism A typical case has been described (Ho) in which 
enlargement of the parathyroids was found Selyes expen 
ments show that the histological picture of the bones in this 
disease is produced in rats following such prolonged o\ erdosage 
of the parathyroid principle that a state of induced tolerance 
is produced (cf p 118) Some e\idence against this Mew has 
been reviewed by Shelling (136) (Cf also Ellis (-11) ) 

Selye(182) has described a specific shin condition in \ery 
young rats follow ing injection of parathyroid extract \\ ithin 
two or three days the hair on the back extending bilaterally 
from the head to the lower border of the ribs begins to fall 
out and the skin in this area becomes harder and thicker 
Ulceration takes place in some parts and healing leases a 
bare hairless atrophic skin The fibrous tissue in the skin 
hypertrophies and amorphous deposits of calcium salts occur 
The condition possesses striking points of similarity with 
human scleroderma and sclerodactylia and suggests that these 
may be related to hyperparathy roidism since in most clinical 
cases the blood calcium is high (Cf also 137 92) 

Administration of Parathyroid Extract in Non-Parathyroid 
States 

Lead is stored in the skeleton in a manner somewhat analogous 
to that by which calcium is laid down and probably as a \erv 
insoluble tertiary phosphate (44) During the chronic stage of 
plumfaism such storage prevents undue accumulation in other 
tissues to the point of toxicity Absorption in large quantities 
or liberation from hone in large quantities leads to symptoms of 
acute poisoning After exposure to lead poisoning with ensuing 
storage in the skeleton lead is excreted in minute amounts over 
very long periods Administration of potent parathyroid extracts 
to patients suffering from lead poisoning mobilizes a portion of 
the lead stored m bone causing excretion of relatively large amounts 
The effect lessens rapidly (78) Similar treatment has been employed 
in radium poisoning but is too slow to be useful (136) 
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Since the parathyroid principle induces diuresis (145) it has been 
emplojed in nephrosis and similar conditions associated with 
oedema and clinical improvement has been reported (1S8) oedema 
tending to disappear Favourable effects have been reported 
following subcutaneous injection in subcutaneous fibrositis and 
cellulitis although there is no obvious biochemical basis for the 
treatment (74) 

Two cases of severe essential purpura haemorrhagica (thrombo 
cytopcnia purpura) have been apparently cured by the production 
of marked hypercalcacmia by repeated injections of parathyroid 
extract (91) In both cases toxic symptoms of overdosage were 
induced — vomiting followed by weakness apathy and lethargy 
(Cf also W ) 

(Parathyroid extracts have been prepared which do not affect 
the level of blood calcium and which powerfully retard growth 
Similar extracts may lie obtained from other tissues and tbe effect 
is not specific to the parathyroid glands nor presumably concerned 
with their function (145) ) 


References 

1 Albright el al 1 Clin Invest 1932 xi 411 J An Med Assoc 

1034 cu 127fl Am J Med Sci 1034 clxxxvii 40 

2 AuinionT el al Arch Inf Med 1034 hv 415 

3 Auuuoirr et al irn J Med Sc i 1037 exem 800 

4 Albright el al Dull Johns Hopkins lloip 1037 lx 377 

5 Albright cl al Am England J Med 1037 ccxvi ”27 
0 Albright et al Arch hit Med 1038 Ixit 199 

Ca Albright et al J An Med Issoe 1030 cxi i 2040 

7 Anders and Myers J Lab Clin Med 1D37 xxi i 123 
7 a AndeRsox and Lyall Quart J Med 1030 vm 209 

8 Ask Upmark Endocnnolo B y 1032 xvi 300 

t) Aim et al J Clin Invest 1029 vn D7 1031 x 18” 

10 Barkfb I ndocrinology and Metabolism \ ol I Appleton New 

lork 1922 

11 Barker and Sfrunt Endocrinology 10*’ vi 1 

12 Barney and Mintz J VrtA 103(5 xxxvi loO 

13 Bauer / Hone d. Jolt t S irg 19J3 xv 133 

li Bennftt IIuntlr and Vaughan Quart J Med 1032 xxv 003 
15 Bootiiby et ul An J Med Sei 1031 clxxxi 81 Proc Staff 
Meetings Mayo Cl me 193j x a52 

1C Brook Proc Jfo j Sac Med 1035 xjcvui 1360 Sect Orthopied cs 

17 BnovvN and Roth J Cl n Invest 1028 °0 vi 150 

18 BuBSiovre Am J Anal 1038 Ixn *37 

19 Camerox and CAtisnciiAEi Trans Foj Soc Can 10-0 xx Sect V 

277 



REFERENCES 


133 


24 Castleman and Mallory, Am J Path , 1035, xi, 1 

25 Cbown et al , Can Med Assoc J, 1030 xxxv, 134, 513, 1037, 

XXXVI, 7 

25a Chown et al , J Path Bact , 1039, xlix, 273 
20 Churchill and Cope, Ann Surg , 1030, cix, 0 

27 Coras and Kelly, Bril J Surg , 1033, xx, 472 

28 Colup, Medicine, 1920 v, 1 

29 Collip el al , Brit J Exp Path , 1934, xv, 335 

30 Comel, Boll soc ital biol sper , 1030 \ , 738 

31 Compere, J Bone d. Joint Surg, 1033, xr, 142 , Arch Surg , 1030, 

xxxn, 232 

32 Cooper, ' Endocrine organs, etc ,” Oxford University Press, 1925 

33 Cope and Donaldson, J Clin Invest , 1938, xm 329 

34 Cowdry, in Barker’s ** Endocnnology and Metabolism, \ol I, 

501 (10) 

35 Cutiibfrtson and Mack ay, Glasgow Med J , 1935, cxxm 249 

36 Davies, Veterinary J , 1921 Ixxx>, 81 

37 Drake, Albright and Castlfjian, J Clin Invest , 1037, xvi 203 

38 Dryerke and Greig, Dumfries and Galloway I el Med Assoc Proc 

1028, July 7th 

39 Dyer, J Physiol , 1932 Ixxv, 13 p . 103G, Ixxxvi 3 p 

40 Edflman and Fried, J Ped , 1937, xi, 557 

41 Ellis, Proc Boy Soc Med 1934, xxvu, 1563 

42 Elsom, Mood, and Ra\ din. Am J * Med Sci , 1930, cxci, 49 

43 Evans el al , Endocrinology, 1037, xxi 374 

44 Fair hall and Soaw J Indust Uyg 1924 vi, 159 

45 Fish, 11th Internat l et Congr , London, 1930 

40 Franck and Hjerrild, Ilospitalstid , Ixxx, 1117 , through Endocnn , 
1039, xxiv, 294 

47 Fridericksen, Lancet, 1939, i 85 

48 Funsten, J Bone A, Joint Surg , 1933 xv, 112 

49 Gaebler, J Biol Chem 1931, xciu, 407 

50 Gilligan el al , J Clin Invest , 1938, xmi, 041 

51 Gley, Compi rend soc btol , 1891, in, 551, 841, 843 

52 Goadby, Bioehem J , 1937, xxxi, 1530 

53 Goadby and Stacey, Bioehem J , 1036 xxx 209 

54 Golden and Abbott, Am J Roentgenology 1933, xxx, 041 

55 Gheenberg and Mackey, J Biol Chem , 1932 xc\ in, 705 
50 Greenberg and Tufts Am J Physiol , 193S, cxxi, 41G 

57 Greenberg et al , Science, 1939, Ixxxix, 18 

58 Goldman, J Am Med Assoc , 1922, Ixxvin, 1193 

59 Gutman et al , J Am Med Assoc , 1934, cm 87 

60 Gutman el al , Arch Ini Med , 1930, lvn 379 

61 Hall and Chafpin, Best J Surg Obst Gynecol .October, 1934 

62 Hamilton and Highm an, J Clin Invest 1937, xvi, 103 

63 Hanes, Am J Med Set , 1939, cxcvu, 83 

64 Hansen, McQuariue and Zilcler, Endocrinology 1938 xxii, I 
05 Hanson, Mil Surg , 1924, Iiv, 79 218, 554 

60 Harding Trans Boy Can Insl , 1930, xvn. Part II 

07 Harrow and Shkrwtn, ‘Chemistry of the Hormones,” Williams &. 

Wilkins, Baltimore 1934 
68 Hartridce and W est. Brain, 1931, li\, 312 

09 Heivbach, Anal Bee , 1033, lvu, 251 , through Endocrin , xvm, 054 

70 Herbert, Bioehem J , 1933, xxvu, 1978 

71 Hermann, J Am Med Assoc , 1936, cvi, 1357 



134 


THE PARATHYROID GLANDS 


72 IIODGCa, Radiology 1070, xxvi, COT 

73 Holtz, Rim. IYocJi 1027, vi 535 , ZeiLschr physiol Client , 1930, 

cx«, 1 , Attk CI»» CMr , 1033, clxx\u, 32 , Khn K Oth , 1034, 

ui, iat 

74 Horn, Aela sited Stand , 19 12, Ixxix, 210 

75 Hoskins (M II ), Endocrinology 1933, xlx, 453 

76 Hunter, Proc. Iloy Soc Med , 1029, xxm, 235 , 1031, xxiv, 480 

77 HuNTrn, Quart J Med , 1071, xxiv, 39 ) 

78 Hunter and A us. Quart J Med , 1020-27, xx, 123 

79 Hurr and Boyd Endocrinology, 1035, xix, 398 

80 Jaffe, Arch Pathol , 1077, x\i 03, 230 

81 Jaff£, E ou ansky, and Blair, Proc Soc Exp Biol Med , 1030, 

xx\u, 710 , Arch Pathol ,1031, xl, 207 

82 JkLKE , Attained Scand , 1037, Suppl Ixxxi 02 p'p 

83 Johnson, Am / Med Sex , 1072 cix-oan 701, 7C9, 776 

84 Johnson and Wilder, Am J Med Sci , 1071, cfcvtii 800 

85 Klofz, fn Barker's “ Endocrinologj and Met ibulism, ’ Vol I (10) 

86 Kozelka, Am J Physiol , 10. JO c\vj 07 

87 Kozelka Hart, and Bohstldt, J Viol Chem , 1033, c, 715 

88 Kunde, J Clin lmest , 1927, In. 577 

89 Lakes and Haooart, Surgery Gynecol , Obstetrics, 1035 lx, 1033 

90 Landau, Anat Anz , 1020, Jxvh, 81 , through Endokrm , iv, 208 

01 Landis et a! , Am J Phystql , 1026, Ixxvi, 35 

02 Lericue et al , Presse med , 1035, p 777 

03 Lewis and Ccrschman, Conipt rend soc biol , 1029, cm 1281 
03 a Looan and O Connor J Biof Chem 1030 cxxvii, 711 

04 I.o wen b in>0 and Ginsduro, J Am Med Assoc , 1930, cvi, 1779 

05 MacBrydf J Am Med Assoc, 10J8, cm 801 

06 MacCallum, Medicine 1024 in, 137 

07 MacCallum et al , J Am Med Assoc , 1912, lix, 319, J Exp Med, 

1014, xx, 140 

08 McCance, Quart J Med , 1932, xxi, 217 

09 McLean and Hastings Am J Med Set , 1935, clxxxix, 601 

100 McLean et al , Am J Physiol , 1035, exit, 41 

101 Marine, in Cowdry’s special Cytologj , 2nd edit, Vol II, Hoeber, 

New York, 1032 

102 Mathewsov and Cameron Can Med Assoc J , 1937, xxxvi, 141 

103 Meics and Turner, J Biol Chem 1925, Ixm, Proc , xxix 
101 Merhitt and Bauer, J Biol Chem , 1931, xc, 233 

103 Merritt and Lattman, Badiology 1930, xxvi, 073 

106 Monteith and Cameron Can Med Assoc J , I02S, xix, 210 

107 Montgomerie, Savage and Dodds, Veterinary Record, Apr 20, 

1929 

108 Morgan, Arch Path , 1930, xxi, 10 

109 Morgan and Samiscii J Biot Chem , 1035 cvm, 741 

110 Morqulis and Perlfy, J Bio! Chem 1930 lx\ww, 169 

111 Naculas, J Bone dr Joint Snrg , 1033, xv, 151 

112 Olsen, Metabolism of Calcium in Hyperparathyroidism ” Busck, 

Copenhagen 10 J4 

113 Page and Scott, J Pharmacol , 1032 xhi, 431 

114 Pagmez, LenoxD, and Lobel, Ball mim mfd des HSp , 1027, 

xlui 663 

115 T> £nu, Policard and Dufourt, Presse tn/d , 1031, xxxix, 809 ’ 

110 iTCKnARDT and Beenttabot, Ann Surg , 1038, cvm 302 

117 Pii^sbury and Sternberg, Am J Dis Child , 1937, Iw, 1209. 



REFERENCES 


135 


118 Pincus and Gittleman, Am J Dis Child , 1918, li, 810 

119 Plgsley, J Physiol , 1932, Ixxm, 815 , Plgsley and Selye, ibid , 

1933, lxxrc, 113 

120 Picsiry and Anderson, Biochem J,1 934, xxyjij, 754, 1313 
121. Quick etal ,J Am Med Assoc , 1935, civ 2248 

122 Rabinowitch, J Lab Clin Med , 1924, ix, 543 

123 Reed and Seed, Endocrinology, 1033, xmi, 130 

124 Reiss, Endoknnologie, 1930, vi, 821 

125 nmNEHARDT, Am J Anal , 1912, xm, 91 

120 Richter and Eckert, Endocrinology, 1037, xxi, 50 

127. Rosqe, J Exp 7o6l , 193t, lx\nt, 121 , through Endoerm , Six, 375 

128 Saunders, Biochem J , 1935, xxfx, 1597 

129 Schmittmann, Virchow's Arch Path Anal , 1031, cclxxx, 1 

130 Scholtz, Arch ex p Path Pharm , 1031, clix, 233 

131 Selye, Endocrinology, 1032, xvi, 517 

132 Selye, J Am 1 led /Imoc , 1932, xcix, 108 

J33. Selye, Med Klin., 19 28, xx>\, 1197, Krank heit/orsch., 102 9, mi, 
289 

134 Shannon, Arch Pediatr , 1029, xlvi, 34G 

135 Shaupey Schafer, “The Endocrine Organs,” 2nd edit, Part I, 

1924. 

136 Shelling, “The Parathyroids in Health and Disease,’ Mosby, 

St Louis, 1035 , Shflling e< al , Endocrinology, 1938, xmi, 225 

137 Shelling et al , Bull Johns Hopkins Hosp , 1933, liu, 348 

138 Smith and Sternbercfr, J Biol Chem , 1032, xcu, 215 

139 Snapper, Lancet, 1034 I, 728 

140 Spicer, Veterinary Record, 1929, ix 178 

141 Stour, Chanulfr and Tweedy, Am J Path , 1937, xm, 045, 971 
141 A Slssman, Am J Obst Gyn , 1937, xxxiu, 701 

142 Swixrox, K’ew England J Med , 1937, ccxvii JC5 

143 Taylor et at , Brit J Exp Pathol , 1932, xui, 109 , Proc Roy Soc , 

1934, Bcxvi, 10 

141 Taylor, Weld and Sykes, Bnl J Exp Path , 193G xmi, 104 
144a Thomson and Collip Ann Rev, Physiol , 1940, u 

145 Thomson and Collif, Physiol Ret , 1932, xu, 309 

146 Timme, Endocrinology, 1931, x\, 442 

147. Truszowski et al , lliochem J , 1939 xxxm, 1005 

148 Tweedy et al , J Biol Chem , 1932, xeix, 155 , 1935, cvui, 105 , 

CXI I, 209 , 1936 CXVI, 163 

149 Tweedy et al , Endocrinology, 1937, xxi, 55 , J Biol Chem , 1939 

cxxvm, 407 

150 Vassale and Gfnerali, Arch ital biol , 1900, xxxin, 154 
15J Venables, Guy's Hasp Rep, 1933, Ixxmd, 194. 

152. Vincent, “ Internal Secretion and the Ductless Glands,” 3rd edit 

Chapter X, Arnold, London, 1924 

153. W ellbrock. Endocrinology, 1029, xui, 285 

154 Welti and Jung, J Chir , 1933, xlu, 501 

154a v. Werder, Zeitschr physiol Chem , 1939, cclx, 119 

155 W ILDER, Endocrinology, 1029, xui, 231 

156 \\ ilder and Johnson, J Am 1 led Assoc 1931, xevi, 1987 
157. "Wilder et al , Proc Staff Meetings Mayo Chine, 1932, vji, 597 
158 Wilder et al , Ann Int. Med , 1934, vw, 1059 



CHAPTER I\ 

THE ISLETS OF LANGERHANS AND INSULIN 


Introduction 136 

The anatomy histology and physiology of the islets 138 

The chemical nature of insulin 140 

The mechanism of insulin action 143 

Terminology of diseases associated ft ith the islets 146 

Differentiation behceen diabetes melt it us and renal glycosuria 147 
Diet in the treatment of diabetes mtlltlus 148 

Insulin administrat on and insulin substitutes 155 

The causes, cure and complications of diabetes melhtus 163 

Ilypertnsulimsm and hypoghjcaemia 169 

The use of insulin in non diabetic conditions 179 


Introduction 

The discos ery of insulin by Banting and Best in 1921 
working in Madeod s laboratory and its preparation for 
clinical use m winch work Collip largely participated led to 
rapid strides not only m the treatment of diabetes melhtus, 
but also in the elucidation of many of the problems of carbo 
hydrate metabolism It seems desirable to set forth the mam 
points concerning which there is reasonable agreement before 
considering in detail some of the more recent work (cf 171 211) 
Insulin is a hormone prepared by and passed into the 
general circulation from the islets of Langerhans of the pancreas 
It hen the islet function is disturbed definite symptoms follow 
If the disturbance lessens the output of insulin below an 
essential minimum then hyperglycaemia results and if the 
condition of hypoinsuhntsm persists nLI the symptoms and 
findings associated with classical diabetes melhtus ensue If 
on the other hand through generalized hyperplasia or a tumour 
of the islets benign or malignant the output of insulin is 
increased abos e a definite normal maximum then this condition 
of hypennsuhmsm produces a hypoglycacmia which if 
sufficiently pronounced, is accompanied by marked and 
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characteristic sy mptoms and if unrelieved bj coma and 
death 

The work of a on Alering and Minkowski on the depancreatized 
dog confirmed and extended by that of Allen suggested most 
strongly the identity of its diabetes with human diabetes 
mclhtus The diScoa ery of insulin added further support to 
this a lew 

From studies of the diabetic dog compared with the histories 
of diabetic patients we know that as a result of diminution of 
islet function (through remo\al or through disease) there 
results first a loss of power to catabolizc carbohydrate shown 
by undue hypergly caenua and a gly cosuria This loss of pow er 
increases and the increase is hastened if the diet continues to 
inchide the usual proportion of carbohydrate but rs slowed if 
that carbohydrate is largely replaced by protein and fat 
AAhen the amount of carbolmlrate correctly eatabohzed falls 
below a certain definite lea el fat catabolism is also affected and 
complete oxidation of the fatty acids to carbon dioxide and 
water through the stages of butyric acid and acetoacetic acid 
is gradually replaced bv a slower transformation to acetone 
a change so slow that acetoacetic acid and beta h\ drox\ butyric 
acid accumulate in the tissues They pass to the blood 
which maintains its neutrality by combining them with 
blood base and excreting the neutral product through the 
kidneys Consequently the blood base becomes diminished 
As it gradually falls so gradually the symptoms of an 
acidosis become apparent The untreated dog or patient 
finally passes into coma m which air hunger becomes a 
symptom through the incapacity of the diminished blood base 
to clear the organism of accumulating carbon dioxide Finally 
death ensues 

Thus the depancreatized dog and the untreated diabetic 
patient show in order the de\ elopment of hypergh eaemia 
glycosuria acetonuri v (and acetone in breath) presence of 
acetoacetic acid m urine and diminution of blood bases to low 
leads These chemical changes are accompanied by the 
Ghntcal symptoms of thirst (since more nater is required to 
excrete unoxidized glucose) hunger (since much of the ingested 
carbohydrate cannot be profitably utilized) fatigue (since the 
carbohydrate that is utilizable is insufficient for muscular 
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needs) loss of weight (again due to insufficiency of utihzable 
carbohydrate so that body fat and finally body protein are 
drawn upon), and the ultimate drowsiness and coma which 
accompany the acidosis 

Injection of insulin m sufficient quantity and at sufficient 
internals reverses the order of these changes and ultimately 
restores normality II a state of coma has supervened, insulin, 
with if necessary, in t rat enous glucose solution, abolishes it, 
the ketonuna is banished, normal fat catabolism being restored 
Glycosuria disappears , the hypergU caemia lessens W ith 
correct dosage of insulin (along with correct supervision of diet 
and control of exercise and work) the diabetic patient can be 
maintained for years in health The depancreatized dog (fed 
raw pancreas as a source of choline) is also capable of h\ mg for 
a number of y ears when maintained with insulin 1 
If the injection of insulin is too great for normal conditions, 
then the blood sugar is depressed below normal The artificial 
hy permsulinism leads to a hypogly caemia which is accompanied 
by striking symptoms These were accurately described by 
Mann and Magath in the hepatectomized dog (177) The 
hypogly caemia ultimately leads to a coma but a coma m which 
the use of insulin may be (and has been) fatal 
Numerous texts ha\e been written dealing with the correct 
standardization and treatment of the diabetic patient Such 
matter falls outside the scope of this volume, except in so far 
as the principles of treatment arc concerned The mechanism 
of insulin action is still in great part a riddle 

The Anatomy, Histology, and Physiology of the Islets 
It has usually been considered, since the work of Macleod 
on the encapsulated islets jn fishes (171), that the islets are 

1 Choline and Lipocaic Depancreatized dogs tend to develop fatty 
livers Best and his collaborators showed that the reason inclusion of 
raw pancreas in the diet of these dogs prolongs their lives is due to its 
choline content , it was later shown that certain proteins also produce a 
similar effect (Best and Huntsman Channon and It ilkinson) 

Dragstedt in 1013 prepared an alcoholic extract of pancreas which also 
mauftalned uih dogs preventing undue deposition of liver fat this was 
considered to contain a specific compound termed lipocaic Best and 
■Ridottt, have shown that the effect ot the extract is only such as co«W 
be predicted from its choline and protein content (cf also 10 a) 
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tissue sui generis, whose function is not related to that of the 
acinar tissue of the pancreas, and which are concerned solely 
w ith the elaboration of insulin , further, that insulin is not 
produced by other than islet tissue 

The question was in part reopened by Bierry and 
Kollman{19), who, while not denying that the islet tissue 
has a special function, believed it to be formed from acinar 
tissue, although they consider that it cannot rev ert to acinar 
tissue They claimed that even in fishes it is impossible to 
separate islet tissue completely from acinar tissue (Cf also 
BoldyrefT (24) ) We do not jet know of any direct relationship 
between the functions of the islet and acinar tissue While 
Babkin (11) has demonstrated that the blood sugar level 
conditions the enzyme production of the pancreas, hyper 
gljcaemia increasing and hypoglj caemia decreasing the output 
of enzjunes (probably through intermediary nervous action), 
Moreno (183) concludes from study of the effect of mjec 
tions of insulin on the flow of pancreatic juice that there 
is no relationship between insulin and the external secre 
tions Hebb (104) has found some evidence of an indirect 
relationship 

There is little new of importance concerning the histology 
of the islet cells Bensley’s work, showing the presence of 
two distinct types of cells. A, relatively large, with a large 
elliptical or spherical nucleus, and B, smaller, more numerous, 
with smaller nucleus and cytoplasm packed with granules, 
has been confirmed by various investigators and is generally 
accepted He rejects the existence of transition types from 
acinous to islet cells Opie has summarized the literature 
(t96) 

The islets appear to be under the control of the vagus (171, 
115, 277) La Barre (149) states that the controlling centre is 
not in the cerebral hemispheres but is affected by separation 
of the thalamic region from the remainder of the central nerv ous 
system Etcbeverry (61) finds that, although they are under 
vagal control, the islets, deprived of intrinsic innervation, can 
still regulate gVicwss perfectly, arvd Houssay (lift) has grafted a 
dog’s pancreas into the neck of a second, depancreatized dog, 
and obtained perfect function for many 7 hours with this 
denerv ated preparation 
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The Chemical Nature of Insulin 1 

Verj powerful msuhn preparations ha' e been obtained by 
vanous procedures Certain of these are probably 80 or 00 per 
cent pure s 3 

Crystallization is recognized as a necessary step in the 
preparation of any compound m pure condition Insulin was 
first crystallized bv Abel m 1926 IIis method depends on 
treating acetic acid solutions of commercial insulin preparations 
(of strength 10 to 20 clinical units per mg) with excess of 
brucine acetate and then with pyridine At pH 4 2 to 5 3 
pyridine precipitates various impurities Bv addition of 
sufficient 0 05 per cent ammonia the pH u> raised to about 5 C 
Insulin crystallizes out It can be recrystnllized (without the 
presence of brucine acetate) without loss of activity It has 
been subsequently cry stalhzed from crude preparations without 
brucine or ammonia Ilanngton and Scott have devised a 
procedure whereby the use of sapomns or of digitomn leads to 
crystallization 

Chemical and Physical Properties of Crystalline Insulin 
Insulin crystals are well defined they seldom exceed 0 01 nim 
in diameter The compound appears to be dimorphous though 
Crowfoot (48) considers that the crystals merely exhibit nmked 
changes of habit 

Crystalline insulin gives the biuret Pauly Millon and 
nitihydrin reactions Sakaguclu s test for arginine and positu e 
tests for cystine Trvptophane radicals the sulphy dry 1 group 
and carbohydrate radicals appear to be absent Hydrolysis 
j lelds the following percentages of ammo acids ly sme 2 20 , 
argimne 3 22 , histidine, 8 , tyrosine 12 20 ey stine 12 oO 
glutamic acid 30 0, and leucine 20 0 In addition pheny lalinme 
and proline radicals are present in small but still undetermined 

1 The chemistry of insul n 1 as been reviewed bj Jensen and Fvans (128) 
wl ogive a complete bil liography and liter bv du \ gneaud (250) 

* tor methods of ; reparation of insul n sec Harrow and Sherwin (102) 

* The | resent insulin standard accepted bv tl e Geneva Conference 
of 192* is a particular preparation of insulin hydrochloride in dry powder 
form The unit of insulin is the amount of the principle present in 
one-eighth of a milligram of this material Ins ilm is assayed biologically 
liy measuring the fall in blood sugar produced m rabbits under standard 
conditions of comparison Its strength is expressed in the number of 
units per milligram of the material that is being assayed (cf 31) 
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quantities Eight} six per cent of the whole molecule has been 
accounted for, and there has been found no evidence of the 
presence of other organic radicals All the sulphur, 3 2 per cent , 
is present in c> stine radicals 

The molecular weight, as determined b} the ultracentnfuge, 
is 35,100, the molecules being spherical, and, withm the limit of 
error, of the same size as those of Bence Jones’ protein, so that 
insulin can be and is normalh excreted through the kidney 
glomeruli in small amounts (197, 28) On the basis of 
Bcrgmann’s theor} that such a molecule contains 288 ammo- 
acid radicals the figures quoted account for 234, probab!} 
6 each of l}sine and arginine, 18 of histidine and c\ stine, 24 of 
t} rosine, and 72 each of glutamic acid and leueme 

Crystalline msiilin contains a trace of zinc or some similar 
element (according to the salts present in the crystallizing 
medium), and such elements as zinc, cobalt, cadmium, and 
nickel are taken up in amounts proportional to their atomic 
weights Zinc insulin crystals contain 0 52 per cent of zinc, 
corresponding to three atoms in the molecule (237) Pancreas 
tissue contains 20 to 40 mg of zinc per kilogram of fresh 
material, and it seems likely that its presence has functional 
significance, though Krebs and Eggleton (147) from in utro 
studies of ox} gen consumption in muscle tissue, consider that 
the zinc compound is not the ph} siological form of the hormone 

Cr}stalline insulin is opticall} active and laev o rotatory , 
the rotation vanes markedl} with the pH of the solution It 
dissolves casil} in dilute acid and alkali and in 90 per cent 
alcohol, and slightly in 80 per cent alcohol Its iso electric 
point lies betw een pH 5 3 and 5 5 

Numerous attempts have been made to associate the ph\ sio- 
logical activity of insulin with some particular portion of its 
molecule, all the experimental results have led to the 
conclusion that the activitv is associated with the molecular 
architecture of the whole molecule (cf 256) In so far as further 
conclusion is possible, there is some ev idence that the activ it} 
is essentially linked with the disulphide linkage of the cystine 
radicals 

The Identity and Clinical Value of Insulin from Different 
Sources Crvstallmc insulin from fish islet tissue and from 
beef pancreas is identical m shape, ph} siological activ it} 
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(21 units per mg ) and sulphur content The same beef material, 
assayed in four different laboratories, gave the respective 
■values 23, 24, 24, and 23 to 28 units per mg Three recry stalliza 
tions did not affect the strength Four different batches of 
crystals prepared by two different methods and from different 
sources, and assayed by four different persons, gave strikingly 
uniform results, the av erage of all being 23 3 ± 0 0 units per mg 
Cry stallized fish, hog, and sheep insulins ha\ e been compared 
with beef insulin recrystallized ten times, and found to have, 
within the limit of experimental error, the same physiological 
activ ity and sulphur content 

Such results suggest that there is but one insulin, and have, 
therefore, some bearing on the sensitivity reactions of certain 
diabetics to insulin 

Crystalline insulin has the same therapeutic effect as 
commercial preparations when injected into human diabetics 
in equiv alent dosage 

Allergic and Other Toxic Reactions to Insulin A summary 
of the literature dealing with allergic manifestations following 
injections of insulin was published in 1932 bv Allan and 
Scherer (4) They pointed out that while the first impure 
preparations of insulin caused local irritation of the skin and 
subcutaneous tissues at the site of injection, m a few cases there 
appeared general symptoms of an anaphylactic reaction Such 
phenomena were observed less frequently as methods of 
extraction and purification improved Possibilities of anaphy- 
lactic shock were recognized early, but it was found that in 
most eases sensitization effects were absent Occasional 
sporadic cases of hy^ersensitiv eness have been recorded 
Summarizing observations made at the Mayo Clinic, Allan and 
Scherer stated that hypersensitiveness to insulin occurs in 
approximately one out of eight or ten cases Of 100 consecutive 
eases manifesting such hypersensitn eness, four showed 
generalized symptoms of anaphylaxis, in eighty four there was 
only a mild reaction at the site of injection, usually relieved by a 
change m the type of insulin or by spontaneous desensitization, 
and in twelve cases there was a severe local reaction with less 
relief from change in insulin 

Such results appear to suggest, especially ia those cases 
where benefit is obtained by change of the insulin material 
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emploj ed that the allergic phenomena ma> be due to protein 
impurities and not to insulin itself However the purest 
material can produce the effect Campbell Gardiner and 
Scott (36) report that one patient shows marked sensitivity 
to beef hog sheep fish and human insulin obtained from 
different sources He is also sensitive to crystalline insulin 
though the reaction is less intense It would therefore 
appear probable that insulin from different animals maj possess 
slightly varying protein structure the type of variation being 
comparable but perhaps e\ cn less than that of the haemoglobins 
of different animals Corcoran (43) has described a method of 
rapid desensitization starting with veiy frequent but very 
minute doses 

Other still more unusual tox c manifestations have been 
recorded as for example a transient haematuna (157) 
headache dizziness lack of muscular control (199) and 
transient hemiplegia 

The Mechanism of Insulin Action 

The precise mechanism of insulin action has still to be 
elucidated Following its subcutaneous injection the most 
striking phenomenon is the lowering of concentration of blood 
sugar Glucose disappears from the blood "Vet in vitro 
experiments show no direct action of insulin on blood glucose 
The tissues under insulin stimulus draw glucose from the 
blood more rapidlj than in absence of insulin Macleod terms 
this action the creation of a vacuum for glucose in the 
tissues (171) "When a surviving heart preparation is perfused 
with a flu d containing glucose and msuhn the heart muscle 
tissue removes glucose at a faster rate than w hen the perfusion 
fluid contains glucose but no insulin 

Sugar tolerance curves in normal persons show a marked 
difference for v enous and arterial blood This at once suggests 
removal of glucose bj the tissues at a fairly rapid rate during its 
passage through the capillaries once its concentration has 
risen distinctly above the fasting level (~0 76 84) This 
normal difference tends to disappear in the diabetic and the 
severer the diabetes the more closelj the curves approximate 
(6° 84 213) illustrating loss of power to utilize glucose by the 
tissues This power is restored by the action of msuhn (171 
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75'2, 40) Mann and Mngath (178) showed tint the presence or 
absence of the In er in an animal had but little effect on the rate 
at which glucose is renun od from blood under the influence of 
insulin, muscle tissue is of greater unportame Macleod 
considered that the chief sites of insulin action are the cardiac 
and skeletal muscles (171) 

It is clatmed that insulin lessens the lactic acid content of 
muscle and increases the production of acetaldclijde in hi cr 
pulp , it docs not appear to affect the metabolism of fructose 
Both the diabetic patient and the depancrcatized dog seem 
able to form glycogen from fructose more easilj than fiom 
glucose (171), and Yov anovitz (276) has recently stressed the 
benefit to diabetic patients from the use of fruits rich m 
fructose, such as plums, pears and figs 

It is generally conceded that insulin facilitates and perhaps 
controls the formation of muscle glj cogcn from blood glucose 
It is still disputed whether like control is exercised over 
formation of lncr gljcogcn, and whether insulin facilitates 
disposal of glucose in anj other waj than b> formation of 
gljcogen Lawrence (156) and Jos! i n (133) support the view 
that its action is limited to gl\ cogcn formation Macleod (173 
174) believed that its action is much less limited, and is 
concerned with the formation of some intermediate substance 
from glucose, which can be either oxidized or polymerized to 
gl> cogen 

Lxpenmental data still give no decisive answer to these 
questions (68, 21, 221 162 45) Interpretation of results is 
rendered difficult bj the normal ejele of exchanges between 
liver and muscle, the long recognized shift of gljcogcn from 
liver to muscle ud blood glucose, on the one hand, and the 
more recently recognized shift in the rev erse direction through 
the intermediation of lactic acid and through the action of 
fatigue or adrenme (44), a ejele which operates in the diabetic 
as well as in the normal animal (113) 

It has been shown that the effective concentration of insulin 
is of importance in determining w hetiier liver glj cogen be stored 
or not Small doses result in storage , larger non phj siological 
and convulsn e doses lead to depletion of the liver gl> eogen (71) 

It seems reasonable to assume, in spite of the contradictor} 
nature of much of the experimental evidence, that under 
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physiological conditions one of the most important actions 
of insulin is the facilitation of glycogen formation from glucose 
in both liver and muscle tissue Whether this is the sole 
action or whether insulin also facilitates direct oxidation of 
glucose, cannot jet be stated If the latter be not the ease, it 
obviously follows that glucose, to be oxidized, must be first 
transformed to glycogen 

Ileccnt studies suggest that insulin facilitates the reaction 
in the tissues betw een pvru\ ic and gh cerophosphonc acids (151) 
and acts as catalyst in the citric acid oxidation cycle of 
Krebs (147) 

It has been conclusively demonstrated that when ordinary 
commercial preparations of insulin are injected intravenously 
into animals a distinct hyperglycaerma is produced within a 
few minutes, which subsequentlv gives place to the hvpo 
glycaemia usually associated with insulin injection (29 123) 
This anomalous effect is not produced by crystalline insulin, 
and must therefore be attributed to impurites in the com 
mercial insulin preparations (78, 270) Extracts of pancreas 
have been shown to produce hyperglv caemia when injected 
intravenously (172, 80) and the effect, when produced bv 
insulin preparations, is probably due to traces of proteoses and 
peptones 

W ith this illustration in mind the follow ing comment (78) 
has, probably, wide application as bearing upon many of the 
contradictory statements in the literature dealing with 
endocrine principles and their reputed actions “ Many 
problems dealing with the physiological rcle of insulin in the 
body remain as yet unanswered , and we feel that mv estimators 
working m this field would be well adv ised to use the erv stalhnc 
insulin rather than preparations containing variable and 
unknown amounts of impurities It is only by using the pure 
principle that definite conclusions can be drawn as to its 
pharmacological action It seems particularly desirable 

to use as pure a preparation as possible when one does physio 
logical experiments with hormones, since the usual impurities 
in them are tissue extracts, or protein split products Both 
the latter as a rule are phy siologieally activ e substances whieh 
mav even have a diametrically opposite effect to the active 
principle itself ” 
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^ ltamin (thiamin) increases the hypogly caemic response 
of rats to insulin (30) 

Certa n results wh ch follow the injection of insulin such as the 
increased excretion of nllantoine in normal dogs and of uric acid 
in the Dalmatian coach hound are due to the increased output of 
ndeenine resulting from insulin stimulation (38s) 

Control of Insulin Secretion There is evidence of control by 
\agal stimulation an extra rather tlian an essential mechanism 
(cf p 18*1) Increase of blood glucose nbov e fasting level acts 
as a stimulus to secretion of insulin independent of extrinsic 
inner\ ntion of the pancreas (67) One or more of the pituitary 
hormones exert direct or indirect control (cf Chapter \ III) 

Terminology of Diseases Associated with the Islets of 
Langerhans 

Diabetes melhtus strictly speaking only names a 
symptom and one wlich is not specific to the disease 
Harris (100) has suggested the term hypoinsuhnism as more 
appropriate It is becoming more and more recognized however 
that diabetes melhtus is a disease associated with a disordered 
carbohydrate metabolism but which may or may not be 
associated with hypoinsuhnism though in the majority of 
cases exhibiting the classical syndrome a hypoinsuhnism 
undoubtedly exists 

Jloussay defines diabetes melhtus as a disturbance of the 
carbohydrate metabolism in which the normal balance of the 
(endocrine) regulatory factors is altered He considers that 
while in diabetes melhtus there is always a relativ e insufficiency 
of insulin for the needs of the organism the actual amount 
secreted may he normal or even above normal (119) Long has 
enunciated similar views (103) One or more hormones of the 
anterior pituitary are involved with insulin and a hormone of 
the adrenal cortex and possibly still other hormones in an 
endocrine balance any disturbance of which may result in a 
diabetes melhtus 

It is well recognized for example that some proportion of 
acromegalics exhibits gly cosuna and a still smaller proportion 
a true diabetes melhtus and that this diabetes sometimes 
disappears either spontaneously’ as the acromegaly burns 
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itself out ” {44) or after remov al of a pituitary adenoma 
(cf 58) 

Some discussion of the complicated endocrine control of 
carbohydrate metabolism is giv en in Chapter VIII 

Harris (100) recognized m certain patients symptoms which 
were identical with those resulting from overdosage of insulin, 
and coined the term hypennsulinism for their condition In 
using this term it must be remembered that while hyper 
tnsuhnism connotes hypogly caemia, hy poglvcaemia does not 
necessanh also mean hvperinsuhnism 

Differentiation between Diabetes MeHitus and Renal 
Glycosuria 

Within recent years attention has been drawn more and more to 
the occurrence of sugar m urine in conditions other than diabetes 
mellitus With more ’precise methods and more accurate and 
extended observa tlons the number of such cases detected is increasing 
steadily 

Of those cases in which a sugar other than glucose is present, 
only the Iactosunas of nursing mothers are relatively common 
Differentiation is easily possible by the yeast fermentation and 
osazone tests True fructosuria is rare Three excellent studies 
have recently been published (13, 100, 8) Differentiation is not 
too easy In cases of pentosuria the sugar seems to be either 
arabinose or xyloketose Somewhat less than 100 such cases 
have been reported Greenwald has summarized the literature 
critically (93) Bials test serves to discriminate the sugar of the 
urine from glucose AH the cases of lactosuria fructosuria and 
pentosuria are relatively harmless anomalies requiring no special 
treatment, and in no way associated with hvpoinsuluusm 
The commonest non-diabetic condition which exhibits a persistent 
(though not necessarily a continuous) glycosuria is that due to a 
lowered kidney permeability for glucose, it is termed variously 
renal diabetes, renal glycosuria, renal ghjcuresis diabetes mnocens, 
and benign or innocent glycosuria Of all such terms negligible 
glycosuria, suggested by' Leyton (160), is most apt, since it describes 
the importance of the condition with precision The condition is 
relatively common It exhibits various grades of seventy , with no 
sharp line of demarcation between them , these are combinations 
of varying kidney thresholds with either normal sugar tolerance, or a 
somewhat diminished tolerance (86) 

A sufficient number of cases of these renal glycosurias have been 
observed over long periods of tune to warrant the conclusion that 
the duration of life of those so affected is not shortened by the 
condition Cases have been reported with histones of 25, 29, 32, 
and even of 44 years (263) The importance of correct diagnosis in 
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these cases is illustrated by the fact that many of them hate quite 
unnecessarily been dieted for years as dialectics, and manj others 
have been refused life insurance on the ground that the} were 
diabetics 

Most cases of renal g!}cosuna can tic diagnosed correctl}, nnd 
diabetes mclhtus ruled out b\ a glucose tolerance test The former 
usually exhibits a normal or slight!} depressed curs e, ss ith gl>cosuria 
present through all or most of the test The fasting value of the 
Wood sugar is normal or low (Diabetics exhibit » heightened curs e, 
with slow return to normal, nnd usually a definitely increased 
fasting value ) In certain of the severer cases of renal glvcosuria 
the tolerance curse simulates that of a mild diabetes md sometimes 
onl} a long histor} of absence of dinlietic »} mptoms w ith unch inged 
degree of glucose excretion justifies exclusion of thalmtes inelhtus 
An extreme example of such n case has been reported b} I’owelson 
and Wilder (208) The tolerance curve reached the value 0 28 per 
cent at the end of the second hour of the test and maintained it to 
the end of the third hour, although n history of thirteen }fars 
definitely excluded diabetes Faber lias devoted attention to this 
severer t}pe (62) 

In an interesting recent anal} sis of 1,700 cases of diabetes mellittis 
and 224 cases of non diabetic glycosuria, it vns shown that while 
one third of the latter were symptomless only 2 per cent of the true 
diabetics showed no symptoms (189) 

Cases of hyperthyroidism frequentl} exhibit a glvcosuria but the 
simultaneous occurrence of hyperthyroidism and diabetes mellitus 

is rare ( 180 ) 

Diabetes mellitus of hepatic origin (hepatic diabetes) has been 
postulated by French authors (Glcnard Gilbert W eil) os a condition 
occurring chiefly between the ages of forty and flftv in persons 
eating and consuming alcohol somewhat too heart)!} The liver is 
generally considerably enlarged and often tender it tends to 
become smaller during treatment Glycosuria is mild, polydipsia 
and polyuria nbsent Dietary treatment leads to good results, 
insulin is ol slight hut only ot slight value Motrfeldt (185) Ins 
reviewed the literature 

Diet In the Treatment of Diabetes Mellitus 
In pfe insulin days the diabetic was kept alive by gradually 
decreasing the proportion of carbohydrate m Ins diet and 
replacing it by fat Ultimately very high fat diets were 
advocated especially by Petrthi (201) and by Newburgh and 
Marsh (102) The limit was fixed almost solely by the necessity 
of a\ oidmg ketomma , the hetogemc antiketogenic ratio 
pros ided bj the diet was made maximal 

Within the last few years news of diabetic specialists have 
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been swinging more and more towards a rational normal diet, 
combined with the necessary insulin to control it Such 
diets have the further adv antage of being cheaper, and more 
easily obtainable and prepared The treatment is of course 
logical, and is parallel to that used with replacement therapy 
of other endocrine principles The hv pothyroid patient is kept 
normal by giving him such an amount of thyroid as will be 
equivalent to the amount of the hormone which his own gland 
should supply, if it were normal Under this treatment he 
becomes a normal person, requiring a normal diet 

Greater difficulties arise in applying such rational treat 
ment in hvpoinsuhmsm since insulin is so intimately involved 
with the correct disposal of carbohydrate while exercise is 
recognized as altering the insulin requirement Correct treat 
ment demands the reduction of glycosuria to negligible amounts, 
and also production of a normal lev el of blood sugar for at least 
some part of each day, while any dangerous degree of hypo 
glycaenua must be avoided The necessary balance is more 
delicate , its maintenance requires more care 

It was shown many years ago by Hamman and Hirschman 
that if two consecutive doses of glucose are given to a healthy 
subject the degree of hy pergly caenna following the second 
is less than that from the first (98) The explanation which 
is usually accepted of this — the so called “ Traugott Staube 
effect” — is that offered hy Macleod (171), that the first dose 
of sugar sensitizes the islet mechanism, so that the second 
dose calls forth insulin more readily 

Sweeney, m 1927 (253), determined the sugar tolerance 
curves of normal individuals during starvation and on high 
fat, high protein and high carbohydrate diets respectively 
He found that fat diets and starvation lowered sugar tolerance, 
while high carbohydrate diets increased it, and considered that 
the former lessened the sensitiv ity of the islet mechanism, while 
the latter improv ed it 

In 1929 Forges and Adlersberg published a monograph 
dealing exhaustively with their experimental and clinical 
w orh (205) Studies on non diabetic patients gav e results 
similar to those of Sweeney Tolerance curves on patients 
kept for some time on a low carbohydrate diet, or a diet rich 
in fat, showed higher peaks and delayed returns to normal 
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(while sometimes there was even an induced glvcosuria) when 
contrasted with those for patients kept on a mixed diet 
Hence the clinical treatment of severe diabetes which Porgesand 
Adlersberg advocated little fat (even as little as 50 grams), m 
n diet yielding a total calorie -value of 8,000-4 000 calories, of 
which the caloric value is mainly provided by carbohydrate, 
the usual amount of protein being given and the necessary 
insulin 

tilth this rtgme tolerance for carbohydrate gradually 
increased and less insulin was required Their diabetics put 
on weight and liked their diet better 

Rabinowitch (215) has been led to introduce a somewhat 
similar diet, based upon his clinical experience of the apparent 
benefit of slight undernutntion combined with the potential 
danger of high fat, and the fact that liberal quantities of carbo 
hydrate approximating more closely to the diets of healthy 
people, seem more rational His diet is low m fat (50 grams), 
normal m protein, and relatively high m carbohydrate, but 
so adjusted in total calorie value that the body weight tends 
to be kept 5 to 10 per cent below the normal optimum He 
stresses a low calorie rather than a low fat diet He claims 
that in the majority of cases of all types of diabetes such diet 
leads to satisfactory results In many of his cases it was 
noteworthy that transference from relatively low to relativ ely 
high carbohydrate diet — with corresponding diminution in 
fat — not only did not require increased insulin dosage, but 
even lessened or abolished the need for it He has recently 
reported on fifty cases kept on this treatment for five years or 
longer 

Sansum (286) recommends a carbohydrate to fat ratio of 
2 to 1 or even (especially with children) of 8 or -1 to I, with 
adequate caloric requirement to maintain normal weight 
He obtained excellent results with such diets In 1933 (236) 
he reported on seventy patients who had maintained such a 
diet for sev en years All showed increased w ell being and 
physical fitness , forty two showed an increased sugaT tolerance 
Gey elm (79) has ob tamed equally good results over a ten year 
period 

We have obtained, in "Winnipeg, excellent results with 
normal carbohydrate and normal fat diets, fully bearing out 
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Fio 18 A September 1031 Photograph of an eight year old 
boy after s x months trenlment for severe diabetes on a 
d et of 50 grams protein 100 grams fat and 50 grams 
carbohydrate with initially 20 units of insulin daily 
gradually increasing to 3 j units During this penod he 
gained 4 lb in we gilt his urine was never completely 
sugar free and he frequently excreted acetone bodies He 
could not be kept on the prescribed diet At the period of 
the photograph he was tired drowsy and presented a 
pathetic figure He was transferred to a diet of Co grams 
protein 50 grams fat and 130 grams carbolydrate with 
30 units of insulin 

B November 1031 Appearance nine weeks later During 
this inters al he had gained 10 Jb Ills insulin requ rement 
was now only 14 units daily He appeared and was a happy 
contented schoolboy (Reproduced by the kindness of Dr 
II Medovy ) 
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the general principles just described (cf, eg, 180) A v cry- 
good example of the beneficial effect of such a diet in diabetic 
children is shown in Fig 18 

Good results on diets with “ higher ’* or normal carbohydrate 
content have been reported by mam clinicians {cf., eg, 220, 
81, 126, 207, 261) It is the general experience that when 
patients are changed from a high fat, low carbohydrate to a 
low fat, high carbohydrate diet, insulin requirement is frequently 
decreased Various suggestions has e been put forward to 
account for this apparent paradox Greater stimulation of the 
islets by the greater amount of carbohydrate or by an increased 
ratio of In cr gly cogen to In er fat {235, 203), has been suggested 

Ellis (W) treated a number of severe cases of diabetes with 
glucose and insulin, gnen hourly', and with no other food, 
for a number of days He found that GOO grams of glucose 
daily could be tolerated with no greater insulin than on a 
restricted diet, while in some cases there was a marked 
reduction in the amount of insulin necessary In one — an 
extreme case — before this special treatment was instituted, 
,192 units of insulin per day were necessary while on the 
twenty-first day of the treatment only 9 units were required 
In no case was there any exacerbation of the diabetes 

Himsworth (110) has carried out careful experiments on 
normal healths subjects which completely confirm the results 
of IJammon and Hirschman, Sweeney and Forges and 
Adlersberg Glucose tolerance curves were determined on 
normal mdiv iduals habituated to a high fat, low carhohy dratc 
diet, and contrasted with curses on the same individuals 
subsequently habituated to a low fat, high caTboh-vdiate diet 
of equal caloric value Typical results are contrasted m Fig 
19, A They show definitely that the high carbolivdrate diet 
increases the tolerance, and the high fat diet decreases it 
(The values are for capillary blood ) (Cf also 167 ) Himsworth 
also contrasted, again on the same subjects, the relative effects 
of injecting 5 units of crystalline insulin during each of the 
two states (habituation to high fat and to high carbohvdrate 
respectively) Typical results are shown m Fig 19, B It js 
clear that the effect of the same dose of insulin ts greater on 
high carbohydrate than on high fat rigime The increased 
tolerance is due no\ to change in calorie value nor to change 
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in ketogenic antiketogenic ratio, but sold} to the increased 
amount of carboh} drate in the diet (111) 1 
In discussing these results, Himsworth refers to the important 
finding of Allan in 1923(5) with dcpancreatized dogs There 
is no direct linear rdation between the carboh} drate ingested 
and the amount of insulin needed to care for it and prevent 
gl}cosuria The relationship is approximate!} logarithmic 



Fig 19 A Two sugar tolerance curves after 50 grams of 
glucose determined on the same healthy subject (i) when 
accustomed to a high fat diet and (n) when accustomed 
to an equicalonc high carbohydrate diet B Jwo blood 
sugar curves following intravenous injection of o units of 
crystalline insulin Both were obtained on the same 
healthy subject, the one during a period of high fat diet and 
the other when on an equicalonc high carbohydrate diet 
(After Himsworth Tint Med J 1034 11 57 ) 

The greater the relative amount of carbohydrate, the greater 
is the amount metabolized by each unit of insulin 
In the intact animal increased blood sugar leads to an 
insulin secretion which automatically holds it within normal 
limits (277, 110) In the diabetic with partial function the 

1 Vesa s experiments on diabetics are apparently in contradiction 
but these were merely studies of the effects of single ments of fat or meat 
or bread on the effect of an insulin dose and are m no way comparable 
(255 a) His bibliography is useful 
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same response exists, but is not so active nor so successful 
With high carbohjdrate regime, such secreted insulin (or 
injected insulin), can care for relatively greater quantities of 
carbohjdrate This m itself indicates that but little more 
insulin should be necessary for increased carbohydrate, but 
does not explain why less is needed, nor ha\e we anj explana 
tion for the logarithmic relationship itself Why should 
insulin, at different levels of carbohydrate metabolism, be 
able to care for different amounts of carbohj drnte ? Himsworth 
postulates an unknown, intermediate factor which gov erns the 
susceptibility of the organism to insulin, and in some way 
actuates it He suggests that insulin resistant cases suffer 
from a deficiencj of this factor, as well as of insulin He 
divides diabetics in consequence, into two classes, ( 1 ) insulin 
sensitive, suffering from hjpo insulmism (a type which easily 
develops hypoglycacnuc sj mptoms) and (u) insulin insensitive, 
the diabetes being due entirely or partlj to deficiency of the 
unknown factor (112) 1 

In this connection the theory of an insulinotrophic hormone 
of the duodenum may have application but the complications 
arising from an upset of the endocrine control of carbohjdrate 
metabolism (cf p 146) may afford a simpler explanation when 
they arc more fully understood 

The view point of the average diabetic clinic, as expressed 
bj various recent reports indicates a slow but a steady 
change towards increased carbohjdrate In a review of this 
dietary problem m 1933(134) Joslm stated that he himself, m 
agreement with von Noorden, believes that the diet for an 
average adult should approximate to 140 grams of carbo 
hydrate 70 grams of protein and 90 grams of fat, although 
he somewhat negatives his own belief by adding that if 
diabetics can take care of more than 140 grams of carbo 
hydrate with reasonable dosage of insulin, they should be 
given more 

Lawrence has published an account of a simple form of 
treatment which lie claims giv es excellent results (154) He 
gives from 100 to 150 grams of carbohydrate, carefully 

1 In a recent paper (U2 a) Himsworth has modified hts view and 
regards insensitivity as due to a retardation of insulin action (and not to a 
neutralization of that action). 
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controlled in amount and balanced •with insulin, and allows the 
patient to suit himself as to fat and protein intake 
Insulin Resistance Diabetic patients exhibit v erj varjing 
response to insulin, which has led to the idea of insulin 
resistiv ity 

For example, Wiener (2T1) has reported the case of on 
elderly diabetic whose diabetes rapidly became sev ere, so that 
he was admitted to hospital in a pre coma state and needed 
3,250 units of insulin in twenty four hours to prevent coma, 
subsequently requiring 440 units a daj to establish his balance 
Glen and Eaton (85) report a case in which high insulin 
resistance was exhibited, and claim that injection of the 
patient’s serum into rabbits set up in them active resistance to 
insulin injections Dohan(52) was unable to obtain such 
results 

de M esselow and Griffiths (265) consider that the degree of 
resistance to insulin is determined by the general metabolic 
condition Increased dietary carbohj drate lessens the resist 
ance, and the more nearly normal the diet the less insulin 
resistance is likely (cf also 110 , 112) 

Liter Rhythm The conclusion of Forsgren and others (69, 
117, 2) that there is a rhythmicity m liver function, with 
alternate and not coincident activity as regards glycogen 
formation and storage, and bile secretion (the former occurring 
chiefly at night), if it be correct, suggests an explanation for 
the varying degrees of hyperglycaemia and gljcosuria of 
diabetics at different times of the daj, not entirely explicable 
bj the incidence of meals, and Isollerstrom (194) suggests that 
insulin dosage should be adjusted to this rhythm rather than 
to meal hours 

Insulin Administration and Insulin Substitutes 
The chief objection to the employment of insulin in cases 
of mild diabetes (severe cases obv lously need it) is the necessity 
for its hypodermic injection tw o or three times a day Numerous 
efforts have been made to overcome this necessity, either by 
finding means of administering insulm orallj, or by finding 
substitutes capable of producing an insulm effect when taken 
orallj None have jet achieved the desired effect, because, 
as far as insulm is concerned, thej do not yield controllable 
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effects and as far as insulin substitutes are concerned those 
tested hitherto do not act m the same way as insulin and when 
effects c are also definitely toxic 

Oral Administration of Insulin Smee insulin is decomposed by 
pepsin and trypsin all efforts to produce a preparation which can be 
used orally must lie designed to protect the insulin against this 
digesth e action 1 am unaware of any method so far used clinically 
to which Lawrences comment docs not apply (153) It has been 
known for years that very large doses of insulin administered by 
mouth In alcoholic solution or with saponin may occasionally 
have some slight hypoglycaemic action on the blood sugar of animals 
and diabetics But this action is iambic and uncertain and 
depends on the absorption of some insulin before it is destroyed 
by the digest I \ e enzymes a factor over which we ha\e no control 

It has been claimed (187) that blood serum administered with 
insulin confers protection through its anti tryptic activity 
It is stated that blood sugar is definitely depressed in rabbits and 
nlso in diabetic patients following oral administration of the 
precipitate obtained when commercial solutions of insulin are treated 
with phosphotungstic acid (186) The claim has not been sub 
stantiated and there is obviously potential danger of toxic action 
on the kidneys from the phosphotungstate (153) The oral use of 
dry insulin preparations mixed with oily or fatty mixtures or 
especially with desoxycholic acid (as cholosuhn ) has been 
advocated and good clinical results claimed (250) The claim is not 
supported (17) Administration with liver extract is said to favour 
absorption from tl e stomach (17) 

Endonasal application of insulin in the form of a snuff is said 
to be effective The blood sugar falls but no hypoglycoemia is 
produced Carbohydrate tolerance is Increased only in some 
eases (250 118) 

Insulin Administration by Inunction Claims have been made 
that this procedure yields good results both in the experimental 
animal (108) and with diabetic patients (211) V considerably 
greater dosage is required than by subcutaneous injection 

Insulins with Delayed Action The insulin secreted into the 
circulation from the islets of Langerhms under the action of 
physiological stimuli is provided in minute amount continuously 
or semi continuously The tiisulm injected subcutaneously as 
replacement therapy into the diabetic patient two or three 
times a day is absorbed into the circulation fairly rapidly so 
that the available concentration in the blood at different times 
shows fluctuations much greater than normal As a result the 
blood sugar of the diabetic patient even when this soluMr 
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insulin is administered under the best conditions, also shows 
greater fluctuations than normal 
Within the last few years insulin compounds ha\e been 
prepared of such slight solubility in tissue fluids that their use 
permits imitation of the normal function of the islets of 
Langerhans to much greater degree By contrast with these 
relatively insoluble compounds, ordinary preparations of 
crystalline or amorphous insulin are non usually referred to as 
“ soluble insulin " 

Ibe iso electric point of insulin, its zone of least solubility, 
lies at pH 5 3 Tissue fluid is less acid , its pH \ anes from 
0 5 to 7 5, from slightly acid to slightly alkaline In con 
sequence, tissue fluids hold insulin in solution fairly easily 
The insoluble insulin now chiefly used for diabetics protamine 
zinc insulin, is the result of studies of Hagcdorn and his 
collaborators m Copenhagen (97) and of observations of 
inv estigators of the Toronto school 

Insulin is a protein and therefore amphoteric, capable of 
combining with acid or with base Its compound w ith nucleic 
acid has an iso electric point still more acid than that of 
insulin itself Hence Hagcdorn prepared compounds with the 
alkaline proteins, the histones and protamines Compounds 
with the protamines clupein (from herring sperm) scombnne 
(from mackerel sperm) and salmine (from salmon sperm) still 
proved too soluble in tissue fluids, but the compound formed by 
insulin with the protamine prepared from the sperm of the 
rainbow trout, Salmo indent proved to be only very slightly 
soluble at pH 7 3, and its extensive trials on diabetic patients 
gave most favourable results, the insulin effect being pro 
longed, and there being no rapid sudden drop in blood sugar 
lev el (97) 

Scott and Fisher (238) found that a concentration of 0 1 per 
cent zinc greatly delay ed and prolonged the efTect of insulin in 
rabbits, and exaggerated the delaying efTect of protamine As 
a result, “ protamine zinc insulin ” has become generally 
available for the treatment of diabetics 

Both the original protamine msuhnatc, and its modification 
with zinc, have been received with a practically unanimous 
chorus of praise, and the papers recording success with them 
are far too numerous to list Root, White, Marble and 
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Stotz (229) first confirmed the statements of the Danish 
investigators concerning protamine msuhnate and these state 
ments w ere further quickly endorsed by the Toronto school (145) 
Lawrence and Archer (156) Sprague (248) and many others 
The effect of the msuhnate in lengthening and dampening 
down the insulin effect is shown in Fig 20 
Some of the important papeTs dealing with protamine zinc 
insulin are those of \\ ilder (272) Rabinowitch ( 218 ) McCulhgh 

Stood Sugar 
ty fxnooc* 



Fic 20 Contrast of the effects of insulin and protamine 
insulinntc on the blood sugar Miss M G normal net 25 
nurse-dietitian Both tests after nn over night fast No 
food taken during tl e tests A October 23rd Fffect of 
8 units of insulin (L Ily) given subcutaneous!, B October 
25th Effect of 10 units of protamine insu) nate (equivalent 
to 7 3 units of insulin (Lilly) ) (After Boot Whte Marble 
and Stotz J Am Med Assoc 1030 evi 180 Fg 1) 

(166) Dunlop (56) and Lawrence (155) In these the clinical 
aspects of treatment are fully dealt with 

Protamine msuhnate was ongmally prepared by adding 
together solutions of protamine, phosphate (as buffer) and 
insulin under sterile conditions The precipitated msuhnate 
was injected in suspension The mixture was not \ erj stable 
and thus needed frequent fresh preparation 
Scott and Fisher (239) have succeeded in preparing satis 
factory protamine zinc insulins with various protamines The 
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advantage of addition of a trace of zinc salt is twofold The 
“ insuhnate ” is stabilized so that a single solution can now be 
furnished commercially In addition, as has been stated, the 
zinc exaggerates the protamine effect, possibly by still further 
decreasing solubility (cf 63) 

Addition of a trace of calcium salt also increases stability. 



Fia 21 Comparatn e duration of action of (A) ordinary 
uisulin and (B) protamine insulin as contrasted on the same 
severely diabetic patient under like conditions Injection 
(35 units) at 8 am Breakfast twentj minutes later (30 
grams carbohydrate, 18 grams protein 44 grams fat) no 
noon or evening meal At the end of twenty four J ours in 
test (A) there was marked acidosis , in test (B) there was no 
evidence of acidosis and no gljcwuria (After H dder 
Ann Int Med 1937-38 xi 14) 


but lessens the delaying effect of protamine (272) Such 
effects are illustrated in Figs 21 and 22 

Protamine zinc insulin possesses the great advantage over 
ordinary soluble insulin that, with many cases of mild diabetes, 
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a single morning injection suffices for the twenty four hours 
In more severe eases it is possible to combine one morning 
injection of protamine zme insulin with one of soluble msulin 
though mixture before injection is to be av oxled since excess 
protamine may precipitate the soluble insulin (2~2) 

While the delayed action renders protamine zinc insulin 
inadequate for treatment of diabetic coma yet claims have 
been made that both in ncidotic conditions and m actual coma 
the additional use of the protamine compound with adequate 
soluble insulin improves treatment (218 272) 

As with soluble msnlm opinions differ as to the best dictaiy 
treatment to use with the insoluble form W ilder (272) thinks 



1* in 22 Compur i the duration of actioi of (A) ord nary msul i 
(B) ( rotan ne sulin in presence or a trace of z nc salt and 
tC) protamine insulin in presence of a trace of cal -nim Silt 
as tested on the san e (hi bet c patient under con parable 
c«vk 1 t was U\ M wvvts were, injected fewd ivu& 

wltldeld dmng cvcl forty ei(,l t ho ir jenod (\fter 
Wilder I i lit 1BJ7 38 m Ifi ) 


that carbohy drate should not exceed 150 grams per day tliough 
He admits that some patients react well to larger amounts 
Rnbmowitch (218) gets good results with high carbohydrate 
diet and considers that protamine zinc insulin improves 
carbohydrate tolerance 

According to MeCullagh (166) a single dose of protamine zinc 
insulin produces an effect during a period of fifty to sixty five 
hours and maintains its maximum effect twelve to eighteen 
hours Obviously a single daily dose can produce a cumulative 
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effect -which may ultimately lead to hypogly caemia but a 
hvpogly cacmia far more delated than that produced by 
ordinary insulin As \\ llder (272) has pointed out this hypo 
glycaemia sets in so insidiously that tl e secondary s\ mptoms 
attributable to adrenaline (cf p 170) and acting as danger 
signals the tremor sweating tachycardia and increased 
pulse rate may not occur The chief effects noticeable m 
this delayed hypoglj caemia maj thus be only those of 
cerebral origin — lassitude fatigue and headache or nausea 
— and loss of consciousness is not likely to occur Yet 
Bollman s animal experiments (quoted by \\ llder) indicate 
that prolonged hj poglj caemia may give rise to dangerous 
brain lesions 

Hence it seems desirable that patien's using the new insulin 
should be trained to take greater precautions than before to 
avoid the effects of fasting and should take sugar at frequent 
intcrv als w henev er meals arc missed 

Protamine zinc insulin has given equally satisfactory results 
-with diabetic children (269) Comparable effects are given 
with depancreatized dogs (140) 

\ anous other mixtures have been tested many of which 
show ev idence of the same ty pe of improv ement over ordinary 
insulin Indeed it is quite probable that further search may 
find forms of combined insulin which will be ev en more beneficial 
than protamine zinc insulin Good results hav e been obtained 
with insulin tannate (91) and insulin zinc tannate (127) (though 
this has a tendency to produce irritant skin reactions in some 
patients) thvmus histone insulin (91) globin zinc insulin (225 
15a) and spermine zinc insulin (239) Warburton has prepared 
a compound of hexamethy lene tetramine and insulin wh ch 
it is claimed giv es both immediate and sustained effect and is 
particularly useful w ith the y oung diabetic (04a) 

Oral Use of Insulin Substitutes Of various preparations whose 
use ns insulin subst tutes has been suggested within the past few 
years the most promts ng and therefore the most disappointing was 
synthal n 

A\atanabe (2C0) m studies relating to the supposed connection 
between hypogfy caemia and tetany and guanidine and parathyroid 
function found that poisoning with guanidine produced a fall in 
blood sugar Frank of Breslau confirmed this effect and endeavoured 
to find a guanid ne derivative in which the toxicity would be 

*.1 EXDOC 6 
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decreased and the hypogl} eaemic action increased JI s search led 
to tile synthesis of diguam Imodet Jniethj lone or synthahn (72) 

MI, MI, 


j!h— <CII t ) Mr -'lll 

Synthalin was tester! orally on clinical eases of diabetes and at 
first excellent results were claimed for it The claims were sub- 
sequent!} modified Turther stud} indicated that its toxic action is 
too Important to lie neglected Many patients showed such an 
id osynerns} to It that It coul 1 not 1 e used for them for others its 
dosage had to be Kept so small that it could at best be but an adjunct 
to insulin Graham and I inder pub! shed n \ ery just rteumt of the 
earlier clinical tests of synthal n (87) More recent res ills led to 
no more fas ourable conclusions either regarding synthahn or Trank s 
later preparation dodecomethylene d guanidine (synthahn IJ) (72) 
but threw some light on the reason for the inadequacy of these 
compounds 

Ynnnal experiments showed that the action of synthal n in 
producing a hypogljcacmm is unlike that of insulin It docs not 
facll tatethe oxidation of glucose Muscle gl} cogen is diminished (*>1) 
and liver glj cogen is caused to disappear (232) Not onl> is the 
respiratory quotient not increased (IOj) but oxi lation seems actual!} 
to be inhibited and the formation of lactic acid increased (240) 
There is a very defin te toxic action on the kidneys ■winch affects 
the convoluted tubules more than the glomeruli the non protein 
nitrogen of the blood Is increase 1 and albumin and casts appear m 
the uni e Gn en to dogs in doses corresponding to therapeutic 
doses for man these toxic symptoms appear sutlun a few weeks and 
death finally results There is also seiere hepatic poisoning (21 1 14 
20) Compar son of various synthahn homologues shows that the 
toxicit} and hypog!} caenuc effects run parallel (20) 

Clukhorment wl ich had a rogue for a short period appears to 
have been a pancreatic [ reparation to which synthnlin was a bled 
Myrtfilin on which Mien rep< rted favourabl} docs r ot appear 
to possess any marked virtue 

Long and BischofI (164) reporting on uvursin nglykof 
pancrepatine and solmum samtwongsel berries for wl ich 
cla nis of usefulness in the treatment of diabetes has e been ma Ic 
found no Cv idence of insulin like action one infers from tl e r report 
that these substances are valueless as far ns dnbetes. is concerned 
Labbi (148) has reviewed the use of vegetable vnsubnoids in 
d alietes and believes that a concentrate from the radicles f 
germinated barlej has been shown botl by experiments on animals 
and by its employment in clinical diabetes to prod ice definite 
Uypoglyeoemic effects with diminution of tl e signs and symptoms 
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of acidosis It is considered to be effective when given either 
subcutaneous!} or orally 

Large and Brocklesby (150) have shown that an extract from the 
Toots of the Devil b Club ( raisin horrida) has definite hypogkcaemia 
producing properties 

Dietary Substitutes fn Diabetes Some }ears ago uitaretn was 
introduced into diabetic dietaries Tins is the glycende of margaric 
acid, a C i7 fatty acid and it was supposed to be of benefit since 
it could not gi\e rise to acetoacetic acid m the organism It has 
fallen into disuse 

‘Sionon, d-sorhitol the alcohol corresponding to glucose, has 
been recommended as a sweetening agent, but docs not replace 
carbohjdrate and is costly (200 222 ) 

Proferin, a flour largely consistmg of a plant protein, lias been 
nd\ocated recently but is of no particular benefit (108) 

All such substitutes are, of course, unneccssarj if the diabetic is 
correct!} treated 


The Carnes, Cure, and Complications of Diabetes 
Mellitus 

The various possible causes of diabetes mellitus base been 
s>stcmaticall} discussed b> Warren from the point of Mew of 
the pathologist (258) In autopsies on diabetics degeneration 
and atroph} of the islets are the most common abnormalities 
found in that tissue These represent the final picture and 
possibl) giv e little clue to the initial lesion Ev en then the 
islets are never complete]} destroyed The autopsj picture 
alwa)S reveals some proportion still apparentl} capable of 
function 

Diabetes mellitus has no single cause In adults obesit} 
is certain}) a predisposing factor, as man) writers and 
especiall} Joslin (133), have stressed But the cause of the 
diabetes is probabl) to be traced, not to the obesit) itself 
but to some one or more of the factors which hav e led to that 
obesity (Hess has shown that high fat or high fat and 
carboh)drate in the diet of rainbow trout causes a fatt) 
degeneration of the pancreas with reduction of islet tissue (109) ) 
Himsworth speaks of a dietary disposition He has attempted 
to determine sihat Here the diets of diabetics prior to their 
diabetes (111) and considers that he has obtained ev idcnce that 
the) luid a relatively high fat content and diminished carbo 
h}drate content Since he has shown (p 152) that such diets 
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impair sugar tolerance and insulin sensitization their chrome 
effects obviously possess potentialities ns causative factors of 
diabetes He has further attempted n correlation between 
the incidence of diabetes and the diet of different races nations 
and social classes and obtains supporting evidence for his 
thesis 

Such an explanation based on diet docs not apply to the 
child diabetic who is as Joshn points out seldom obese 
General bacterial infections are probably seldom the direct 
cause since they might be expected to precipitate the se\ crest 
grade of diabetes suddenly yet undoubtedly diabetes sometimes 
arises from such causes both in the child and the adult The 
extraordinary susceptibility of tbe diabetic to infections with 
resulting complete upset of his insulin diet equilibrium 
illustrates the Important role which these infections can play in 
affecting the utilization of exogenous insulin (143) hence 
endogenous insulin may well be similarly affected Of all 
the conditions which tend to lower carbohydrate metabolism 
infection stands at the head of the list with respect to frequency 
and capacity to do harm Loss of carbohydrate tolerance is 
apparently not related to severity of infection according to 
the writer s experience a small furuncle or tl e ordinary cold 
has at times resulted in as much disturbance as was found m 
more severe infections (pneumonia etc ) Most disturbing at 
times from tie point of view of effective therapy is the fact 
that m infection not only may the supply of jnsulin produced in 
the body (endogenous insulin) be reduced but that which is 
administered 1 ypodermically may also be ineffective (210 cf 
also 188) 

It has been suggested on experimental grounds that tl e 
suseeptibit ty to infection on tl c part of tl e d abetic is due to a 
disordered cell nutrition closely associated with diminution of 
cell glycogen reserve (2T) 

Murray Lyon finds a hereditary incidence m about 10 per 
cent of diabetics (ISO) Cammidge finds it m 40 per cent (So) 
loslm in 25 per cent (137) The existence of a hereditary 
predisposition is indicated by the more frequent occurrence of 
diab tes (of the same grade of severity) in similar than in 
dissimilar twins and it has been suggested that the potentiality 
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for developing the disease is transmitted as a simple Mendel tan 
recessive (255, 204) 

Mosentlial (184) has attempted to correlate pancreatitis and 
diabetes He believes that the chronic pancreatitis in elderly 
persons, resulting from arteriosclerosis and senescent processes, 
leads to the slowly progressive diabetes of middle and old age 
In chronic pancreatitis from other causes there is usually too 
little destruction of islet tissue to lead to diabetes Repeated 
attacks of mild acute pancreatitis may lead to interference w ith 
carbohydrate and fat metabolism and ultimately to the 
turbulent diabetes of the young Modern views, however, 
based on experimental evidence, are tending to regard diabetes 
mellitus as essentially due to a disturbance in the balance of 
the hormonal forces controlling carbohydrate metabolism 
(cf p 146), a theory which emphasizes the probability of 
multiple causes 

There is still no cure for diabetes mellitus Insulin bears 
only the same palliative relationship to this hypoinsulimsm 
as desiccated thyroid or thyroxine does to the hypothyroid 
state 

Undoubtedly increased tolerance for carbohydrate follows 
correct treatment through regeneration of islet tissue 
However, except in rare cases resulting from infection (such 
as Schmitz s cases quoted by Joslin (133) ) and in certain 
hyperpituitary cases, m which the diabetes is not due to 
hypoinsulimsm, complete recovery has so far not been 
recorded 

The diabetic child affords the most interesting material for 
prolonged study of the effect of insulin Priscilla White (266) 
has dealt with a number of interesting points concerning the 
etiology, treatment and prognosis of his condition She 
considers that at the onset of his diabetes he show s a marked 
physical precocity, an overgrowth (eighteen months in advance 
of his chronological age) which corresponds to obesity in adults 
There is a somewhat less degree of mental precocity She 
giv cs a favourable prognosis 

'Nfoxblft, \\ bate and collaborators (YT9) tall attention to the 
not infrequent occurrence of gross enlargement of the liver in 
children with sev ere, poorly controlled diabetes (the protuberant 
abdomen suggests at first sight the possibility of v on Gierke's 
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disease) Tliey present detailed findings in sixty cases in 
thirty one of which the spleen •was also enlarged There arc 
frequent complications, ns diabetic coma and acidosis hypo~ 
glycaemic attacks dwarfism, arteriosclerosis neuritis etc , and 
the dwarfism protuberant abdomen, and bouts of abdominal 
pain are particularly striking features The liver enlargement 
is primarily due to gross fatty infiltration It is not due to lack 
of choline (cf p 138) sinee the feeding of ran pancreas is 
without effect The majority of cases treated with protamine 
zinc insulin show some diminution m the size of the in er 
Priscilla White (2G8) has recently rev jew ed a series of 1 250 
patients with juvenile diabetes from the angle of Houssay s 
theory of the nature of the disease (p I4G) She stresses the 
lack of ev idenee of a pathological pancreas in these children 
She considers that 170 of her cases showed ev idenee of prolonged 
pituitary m\ olvement m almost all cases a hypoactivity 
These included ninety four dwarfs twenty two with signs of 
Prohhchs syndrome (cf p 350) and fift\ one with signs of 
infantilism The dwarfism followed and did not precede 
the diabetes and was usually not recognized till the fifth year 
of the disease It was not the result of treatment and was of 
pituitary type It seems possible that in such cases both 
diabetes and dwarfism are due to pituitary deficiency and that 
the hypomsulunsm is only relative 
Such observ ations further stress the multiple causative 
factors of diabetes 

As regards the general results of insulin therapy the remarks 
of Bowen have pertinence (26) The adult diabetic who is 
treated with insulin compares quite favourably with the 
normal individual with the exception that the majority have 
the subjective impression that they arc not capable of normal 
physical effort without fatigue Children apparently do not 
show this physical limitation This mental effect js therefore 
probably capable of treatment by re education combined with 
the increased carbohydrate diet essential for muscular exercise 
and sufficient insulin to control that carbohj drate 
Joslm (138) recently stressed the continuous decline in the 
death rate of diabetics although pointing out that it is still 
much in excess oi that o! the general population (cf also 1S5) 
Arteriosclerosis and Hypertension in Diabetes Josbn 
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anting in 1928(133), said, “The outstanding features of the 
diabetes of to day are the prolongation of the lives of diabetic 
children and the replacement of coma by arteriosclerosis as the 
cause of death ” Increased blood cholesterol has been suggested 
as one of the causes of arteriosclerosis (9) and as predisposing 
to diabetic gangrene (214, 264), and such hypercholesterolaemia 
has been viewed as due to persistent use of a high fat diet (cf 
217), a v lew which has not met with complete acceptance (132) 
Hypertension is a frequent accompaniment of diabetic 
arteriosclerosis, but all the characteristic vascular lesions of 
diabetes (retinal haemorrhages, coronary occlusion gangrene) 
are found m diabetics with normal blood pressure as well as 
those with hypertension, though presence of hypertension 
increases the incidence of these lesions Root and Sharkej (230), 
in rev lew ing a number of cases, conclude that premature and 
exeessiv e dev elopment of v ascular disease in the diabetic occurs 
predominantly in muscular arteries under the greatest phj steal 
strain, especialh m obese patients, and is due to the metabolic 
changes of the diabetes itself, and probably to a disordered 
lipide metabolism Hvpcrtension is an important contributor) 
factor since it imposes additional strain The} conclude 
further that insulin with modern dietary treatment is lessening 
the frequenev of arteriosclerosis in the legs of children 

Arteriosclerosis is apparentl) responsible for neuntic 
S)mptoms (pam) in diabetes Sandstead and Beams (234) state 
that oral administration of sodium chloride rehev es such pun 
In this connection the observation of McQuarne (175) is 
interesting He finds that excess sodium (as sodium chloride) 
exerts a favourable influence on the carbohydrate metabolism 
of diabetic children kept on diets low in potassium but elevates 
their blood pressures significantl) Potassium salts hare the 
opposite effect (MacLean has observed that increased salt 
intake increases sensitivity to insulin (170c) ) 

Perhaps the neuntic s) mptoms are associated with the 
lowered phosphohpide, cholesterol and cerebroside content of 
the nerves from diabetic patients, which Jordan and Randall 
(132) believe ts associated « tth arteriosclerosis m the diabetic 
Jordan describes full) these neuntic manifestations (131) 
Other Diabetic Complications Hepburn and Graham (107) 
from heart studies on 123 cases of diabetes mellitus, fifty six of 
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which showed serious electrocardiographic abnormalities at the 
beginning of diabetic treatment found that in a fairly laTge 
percentage the electrocardiograms returned to normal after the 
diabetic condition was controlled by treatment 
An atrophy of the subcutaneous fat at the sites of insulin 
injection has been reported in a number of cases (103) 
Av ery (10) reviewing twenty one of these cases found no 
relation, to insulin dosage duration of treatment or the original 
fat condition of the patient He suggested that the effect 
was the result of undue local stimulation of carbohydrate 
metabolism leading to local fat catabolism Jvo e\idence 
affording an explanation has been found at autopsy (210) 
Similar effects were not produced by injection of insulin into 
fatty tissue in normal rats (224) 

The relationship of pregnancy to diabetes has been subjected 
to frequent review The general consensus of opinion seems to 
be that the diabetes is more menacing to the pregnancy than 
is the pregnancy to the diabetes ‘ The accidents of pregnancy 
occurred three times as frequently as the accidents of diabetes 
in sixty nine cases (183) Walker considers that although 
diabetes must be considered as a serious complication of 
pregnancy, if the patient is treated with insulin and properly 
dieted there seems to be no special incidence of puerperal 
complications and the pregnancy does not appear to ha\ e any 
ill effects on the diabetic condition (257 cf I6J) Foetal 
mortality is not lessened by such insulin treatment (24 1 ) and 
exact control of the pregnant diabetic is necessary to prevent 
undue demands on the islet tissue of the foetus (55) In fact 
Priscilla White has recently written that prevention of the 
death and decay of the over ripe foetus of the diabetic mother 
is a challenge to the obstetrician and the research worker in 
diabetes She considers that premature delivery by Caesarian 
section is the solution (267) Potter and Adair (206) quote 
statistics which indicate that while the use of uisulin has 
markedly reduced maternal mortality foetal mortality is still 
80 to 40 per cent Izquierdo (124) points out that it is important 
to consider existence of a pre diabetic state in pregnant women 
he has observed repeatedly that -when hyperglycaenua is 
present with no gly ttwnm abort von may follow In pregnancy 
complicated by diabetes there is a considerable tendency to 
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acidosis due to a diminution of the glj cogen reserve of the 
In er Hence insulin plus increased carbohj drate m the diet are 
necessarj 

Little need be said here concerning such complications as 
coma due to acidosis coma due to hvpennsuhmsm infections 
carbuncles gangrene and those associated with the d abetic 
surgical patient No recent new treatment has been instituted 
and the general principles governing the onset and effect of 
these complications are reasonablj well understood 

Hyperinsulimsm and Hypoglycaemla 
Harris observed in 1923 certain symptoms m non diabetics 
which were identical with those resulting from overdosage 
of insulin and so coined the term hypennsulirmm One such 
patient a phj sician aged sixtj had a blood sugar of 0 06o per 
cent His symptoms were relieved by administration of 
sugar He died after four j ears of such treatment A second 
patient a labourer aged fifty two with similar low blood sugar 
and symptoms controllable bv food could still be controlled m 
this wav after eight jcars of treatment (100) 

Since Harris s earl} observ ations numerous cases of hyper 
insuhmsm hav e been described in the literature In addition 
hypogl} caemia and symptoms associated with it maj arise 
as a transient or a permanent condition from causes in no vvaj 
associated with excess of insulin in the organism 

\ erj varied symptoms are associated with clinical hvpo 
glycaemia although marked cases exhibit a fairly definite 
syndrome (240 77) comparable with the sequelae of removal 
of the liver in dogs reported in Mann and Magath s classic 
experiments (177) and with the sjmptoms observed m diabetic 
patients following ov erdosage with insulin ( 101 ) Most of the 
svmptoms are probably traceable to disturbances originating 
in the central nerv ous sj stem due to the fact that it is peculiarl} 
susceptible to glucose stan ation from low blood sugar since it 
has no store of carboh} drate (116) 

Experimental evidence is becoming a\ailable that such bra n 
starvation does actuallj occur (49 14) It has been shown that 
chronic insulin intoxication in rabbits and dogs produces marked 
though not specific histological changes in brain tissue (2al 82) 
Some investigators would trace this to direct action of msu] n on 
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l rim tissue (cf 170) ht I lies of schizophrenics in induced hyper 
msul nisin (cf p 170) scarcely support this vie v (cf 114) 

\\ auchope has pub ished an excellent rev lew of the sub 
jcct(2G2) He 1 sts the symptoms according to relative time 
of onset (i) fatigue and lassitude restlessness malaise 
(ii) (d ie to compensatory secretion of adremne) pallor or 
occisional Jluslm g cold clammy perspiration palpitation 
tremor often hunger or thirst fear (ut) senses clouded with 
frequently behav lounstic resemblance to alcoholic intoxication 
bravado negativism hallucination (iv) convulsions and 
paraly sis with loss of memory (v)coma and in the extreme 
cases (vi) death 
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The glucose tolerance cur\e of by pogly catmic patients is 
frequently apparently normal for the first three hours (or may 
cv en show an undue rise at the end of one hour) at the fifth 
or sixth hour such cun es usually drop to low lev els 

Dorst(S3) considers that a certain type of patient often under 
weight exhibiting a clinical picture described as a neurocirculatory 
and effort syndrome and giving a low flat glucose tolerance curve 
is not to be classed as hypogly caem c and indeed is frequently 
clinically improved by small doses of insulin which lead to increased 
appetite gain in weight and a more normal tolerance curve 

In many cases of hypogly caemia the causativ e factor cannot 
yet be definitely stated It seems therefore better at j resent 
to undertake no rigid classif cation and the cases will only 
roughly be subdivided into ( 1 ) those of true hyperinsuhmsm 
associated with tumour of the islets either benign or malignant 
(u) cases not associated with hvpermsuhnism and (in) cases in 
which the cause of the hypogly caemia is uncertain 

Hypogly caemia of such ty pcs has been termed spontanco is 
as contrasted with that induced by overdosage of injected 
insuhn Wilder (272a) suggests that parovvsmal hypo 
glycaemia is a better term «mce the sv ndronie is characterized 
by periodically occurring attacks of liy pogly caemia which are 
frequently accompanied by actual paroxysms (his paper 
contains a useful bibliography ) 

Cases Associated with Tumour of the Islets The frst 
definite case was reported by Wilder Allan Power and 
Robinson in 1927 (273) The patient exhibited marked 
hy pogly caemia His condition was inoperable and became 
progressively worse until half hourly doses of glucose were 
necessary to prevent convulsions Blood sugar analyses 
included figures below 0 03 per cent Post mortem examination 
rev ealed a carcinoma of the islets w ith metastases in the hv er 
An extract of these carcinomatous metastatic nodules was 
made injected into an animal it produced insulin action 
A similar case has \ ery recently been reported from the same 
chmc(209) in ateo an extract of the hier metastases 

produced an insulin like effect Similar cases have been 
reported elsewhere (eg 158 2 d 4) though without biochemical 
examination of the metastases Such cases demonstrate the 
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fact, now becoming well recognized, that malignant tumours of 
an endocrine tissue function bj producing the endocrine 
principle of that tissue, so that hj peractn itj results 
How land, Campbell, Maltbj and Robinson (120) reported a 
case in which the patient exhibited convulsions and coma 
associated with lij poglj caemia They operated and removed 
a small carcinoma arising from islet tissue The convulsive 
attacks and the hypoglycaemia disappeared 
McCIcnahan and Norris (165) described similar sj mptoms 
in a negro , the condition proceeded to n fatal termination 
nt autopsy an adenoma was found originating in islet tissue 
In a number of other cases operation has given complete relief 
(eg, 275, 50 37, 74, 141) The tumours are more frequently 
benign than malignant, though Judd and Rynearson (140) 
consider them to be either malignant or pre malignant 



Fio 2*5 llypcrmsuhnlsm 1 he continuous line represents blood 
sugar values after administration of 50 grams of glucose 
I’nor to the test tl e patient had been fed a high carljohjdrate 
diet for a week while food was withheld for twelve hours 
immcdntel} prior to the sugar meal At sul sequent 
operation a small adenoma of an islet of Langt-rl ans was 
removed The dotted line represents a similar sugar tolerance 
curve taken six months fater (After T raver Vfacljy and 
Mvtwi Quart J Med y 1038 vu 115) 

Fig shows sugar tolerance curves before and after removal 
of an islet adenoma 

\\ lnpple and Frantz (270 a) in a useful review of the surgical 
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treatment of the condition, reported that in two of their six 
cases multiple islet adenomas were present 

Hypoglycaemia not Associated with Hyperinsukmsm. The 
second most important cause of a recurrent hypoglycaemia 
is liter deficiency The prime factor here is inability to store 
sufficient glycogen as a carbohy drate reserv e 

In 1929 Nadler and Wolfer (190) reported a case exhibiting 
marked hypogly caemia and convulsions , at subsequent 
autopsy the liver was found to be riddled with carcinoma 
Craw ford (47) reported a case of a negro with primary carcinoma 
of the liver , his blood sugar show ed marked fluctuations , he 
frequently passed into coma with a blood sugar of 0 025 per 
cent His sugar tolerance curve was normal in type but 
depressed f the maximum reached after ingestion of 100 grams 
of glucose was only 010 per cent 

Judd (142) has reported two cases of marked spontaneous 
hypoglycaemia associated with decrease of hepatic function 
and a cirrhotic condition of the liv er 

In milder degree liver deficiency seems responsible for 
hypoglycaemia associated with “recurrent vomiting” in 
children, through some degree of fatty degeneration (139), or 
with phosphorus poisoning (170), or with acute yellow atrophy 
of the liver (04) or m chloroform poisoning in dogs (23) 
Lowered blood sugar also occurs along with parenchymatous 
changes in the liv er caused by arsplienamme, by hy drazine, or 
by the fungus Agancus bulbosui (203) The occasional cases of 
hypoglycaemia seen in pernicious vomiting of pregnancy (34) 
are also probably traceable to undue depletion of liv er glycogen 
daring the pregnant state 

Many cases seem due to unusual depletion of the carbohy drate 
depots , in at least some of these cases there may be deficiency 
tn the liver capacity for storage of glycogen (cf 96) perhaps the 
opposite condition of von Gierke s disease 

Hypogly caemic symptoms have been reported m a nursing 
mother, the symptoms ceased on weaning There is a fall 
in blood sugar during the milking of cow s, and during lactation 
of healthy women The normal cause, occasionally leading to 
an abnormal result, seems obviously to be the extra dram upon 
the blood sugar during lactation Certain sy mptoms exhibited 
by exhausted marathon runners and m other cases of extreme 
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fatigue are probably due to a concurrent hypoglycaemia 
(Cf 3J ) 

Hypoglycaemia of TJncerfajn Cause (a) Ihjpoghjcaemia 
Poisiblj Associated tuth Hyperplasia of Islet Tissue In a 
number of eases where evplontion did not resell a tumour 
resection of a portion of the pancreas has been performed m 
beltef that hyperplasia of the islets was responsible for the 
hj poglj cicmia 0\ ernctn it> of the islets due to hy perplssia 
is difficult to demonstrate and the earlier surgical efforts were 
not definitely beneficial Wore recently m cases m which the 
greater part of the pancreas has been rernoi ed sugar tolerance 
was undoubtedly impro\ed(cf 88 16) 

(b) Hypoglycaemia in I omtg Children Gray and Feemster (00) 
reported m 1026 the case of a premature ciuld born of a diabetic 
mother which exhibited somewhat low blood sugar and died on 
the third day Autopsy showed apparent hypertrophy and 
hyperplasia of the islets In a similar case Randell and 
Ity ncirson (220) removed a living child by Caesarian section 
and kept it alive by sugar administration At birth the 
mother s blood sugar was 0 28 per cent that of blood from the 
umbilical cord was 0 19 per edit and that of the baby s blood 
0 01 per tent 

Hartman and Jaudon(103) has e resiewed 286 cases of 
hypoglycaemia in the St Louis Childrens Hospital over n 
fifteen year period and draw the following conclusions 
Hypoglj caemn not infrequently occurs in normal new born 
infants during the first four or five days of life and in them 
seems to be due to an imperfectly developed regulatory 
mechanism which creates a state of relative hy pcrmsulimsm 
At the same period the children or diabetic mothers may show 
a more se\ ere condition with sometimes development of 
convulsions and collapse This is probably due to increased 
phy siological hyperactivity of the islets (from the h\ per 
glycacmic maternal stimulus) rather than to hypertrophy or 
hyperplasia It can be controlled in emergency by adrenaline 
or intrav cnous glucose with the prophylactic use of supple 
mental milk and carbohydrate feeding immediately after birth 
Tile natural tendency to hypoglycaemia in the newborn is 
intensified by adrenal or mtcrcranial haemorrhage 

On the other hand a case of pregnanes complicated by 
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hypennsulinism in the mother his been reported (loO) m 
which the child Mas apj arentlj normal (while the pregnane) 
reduced the sugar tolerance of the mother) 

Rector and Jennings (223) from a stud) of cle\ en cases 
consider that the rare occurrence in children of h) pogh cacmia 
with recurrent convulsue manifestations is usualh found 
between the ages of one -and three )ears and is due to a 
functional hepatic disorder of intermittent character associated 
with a temporal 1 ) depletion of the gl) cogen resersc and in 
most cases is amenable to conserv ati\ e treatment Intra\ enous 
glucose abolishes the com ulsions and a diet high in carboh) drate 
prevents their recurrence (Graham and Hartman s case (88) 
a girl only tw eh e months old exhibiting onl) 18 mg percent 
capillar) blood sugar and benefiting from resection of most of 
the pancreas w ould seem to indicate that not all h) pogl) eaemias 
in this age group derne their In pogl) cacmia from the same 
cause ) 

(c) Iltjpoglycaemia Associated mth l anom Conditions Man\ 
cases haae been treated b) dietan measures with \ ar\ ing 
success In absence of operation the cause of the hvpogl) eaeinia 
is of course uncertain Successful treatment ma\ suggest a 
h)pennsulinlsm due to h)perplasia of the islets (77 242 108) 
but this cannot be regarded as established 

H)P°gl)caemia sometimes sufficientl) recurrent to produce 
persistent s) mptoms has been associated w ith se\ ere burns (94) 
premature labour (202) adrenal msuffieicnc) including 
Addison s disease (7 219) pituitar) tumours (274) menstrua 
tion (100) chronic infections recurrent bd ous attacks 
neurasthenia etc {34 60) 

It should be remembered that the h) pogl) caem a in Add son s 
disease is onl) slight while the marked h) pogh eaemia some 
times met with in hypopituitar) conditions (272) and generall) 
present in a on Gierke s disease is not accompan ed b) 
s) mptoms In myxoedema also h) pogl) eaemia ma\ occur in 
absence of symptoms (2G‘ > ) 

An association between anginal pain and In pogl) eaemia 
seems possible (247) cases lia\e been reported of cardiac pain 
due to insulin o\ erdosage (182) Sippe has recentl) published 
a stud) of Hie cases which he regards as In pogl) caemic 
angina of the cardiac t)pe In such cases effort produces 
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precordial pain and a feeling of exhaustion, both relieved bj 
rest TJie pain and exhaustion may occur some time after 
the exertion (whereas in angina pectoris the distress occurs 
immediately ) The pam may be of true anginal type or in 
the nature of a constant ache referred to the prccordial 
area (248) 

The drop below fasting value frequently seen towards 
the end of a sugar tolerance test on a normal individual is 
undoubtedly due to a slight degree of physiological hyper 
insulmism, the end result of the stimulus of the glucose meal 
In cases of renal glycosuria the extra loss of sugar resulting 
from the lowered kidney threshold can apparently sometimes 
lend to hypoglycnemic symptoms (2C2) 

Association of Hypoglycaemia with Abnormal Mental States 
Shih Hao and Hisao Chien (243) m reporting a case with 
symptoms of insulin shock, suggested the desirability of 
determining blood sugar values in hysterical attacks since 
some of these nught possibly be due to hypoglycaemia. 

Of a number of cases of chronic hypoglycaemia reported 
by Cummidge (84) seven exhibited convulsive attacks Of 
these four bad been believed to be mild epileptics, two had 
been diagnosed as cases of Mfnitres disease, and one had 
been reported as a v icttm of secret alcoholic excess, although 
actuallv a total abstainer Their mco ordination was abolished 
by raising their blood sugar Both (231) has reported three 
cases exhibiting severe hysterical attacks, one progressed to 
an epileptiform state, which proved to be due to hypoglycaemia 
McGovern’s case (168) showed frequent attacks of amnesia and 
coma, often accompanied by convulsions of epileptoid type 
During the convulsions the blood sugar fell to 0 03 per cent 
Treatment with carbohvdrate every hour warded oil attacks 
for a period of eighteen months 

Of particular significance is the psychiatrists report in a 
case reported by Iinney (65) “If it were not for the fact 
that there is a very striking lowering of the blood sugar, and 
that the taking of carbohydrate aborts the attack, my feeling 
would be tliat these attacks were certainly hysterical ” The 
possibility that hysterical conditions of varying degree may 
be due to hypoglycaemia (whatever the cause of that hypo 
glvcaeroia) cannot be lightly disregarded 
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A case with visual hallucinations and mild but definite 
catatonia has been reported b} Greenwood (95) Gra} and 
Burtness (89) stress headache, often of the migrainous type as 
a condition associated, with a blood sugar le\el between 60 and 
90 mg per 100 cc Such headache is completely or parti} 
relies ed b} frequent carboh}drate meals and has been 
reproduced b> induced hypoglj caeinia 

Gilmour and W alton (83) have reported a case of islet 
adenoma y erified at operation in which the s>mptoms yvere 
first thought due to an mtercramal lesion a yieyv supported 
b} the findings of a s entnculogram and raised globulin content 
of the cerebrospinal fluid 

Aitken (8) draws attention to marked residual mental 
deterioration occasionally noted after operation and possibl} 
due to prolonged malnutrition of brain tissue Prolonged 
experimental h}pennsulinism in animals indicates such a 
possibilit} (cf p 169) 

That the neurological manifestations of hypogl} caemia are 
due to complex factors of which the h} pogl} caemia is but 
one is suggested b} the observation of Hrubetz(I21) that 
administration of phenobarbital along with insulin to rabbits 
preyents deyelopment of convulsions although the hypo 
glycaemia is produced as usual 

Differentiation and Treatment of the Causes of Hypoglycaemia 
Harris (100) found 51 cases of hvpergly caemia and 67 of 
hj pogl} caemia in a series of 1 497 blood sugar determinations 
on non diabetics one maj doubt his conclusion therefrom 
that h} permsuhmsm is almost as common as diabetes but his 
results suggest the importance of considering hvpoglj caemia 
in both diagnosis and treatment 

When a constant or recurrent hypogly caemia is revealed 
b} anal} sis accompanied b} definite s}mptoms and not 
explicable by any simple cause some pathological state of the 
liver or h} permsuhmsm should be suspected Of these 
the latter is by far the more hkel} Unless other s}mptoms 
strongl} suggest malignancy, it seems most rational to attempt 
to combat the condition first b} diet adjustment In the 
earlier reports increased carbohv drate, and especially increased 
frequenc} of taking earboli} drate, gave satisfactor} results 
in a number of cases (100 77, 168 34) 
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More recent!) Hams and others have advocated diets 
relative!) low in carboh)drate with moderate protein content 
and high fit and the taking of food every two or three hours 
and at night if necessary the underl)ing theory is that 
excessive ingestion of glucose forming foods helps to over 
stimulate the islets Good results hav e been claimed with such 
treatment Every patient should be dieted to suit his own 
particular needs and should be taught food values just as is 
the diabetic Harris recommends that an adult of average 
height and weight should be given about 2 2 j 0 calories made 
up of 00 to 120 grams of carbohvdrate 60 to 75 grams of 
protein and the rest fats (cream and butter) vitamins and salts 
being properlv cared for (100 242) John (129) recommends 
insulin and a high fat diet in the functional type of case 

As \\ ilder (2" 3) points out the exercise of the h) pogl) caemic 
needs control increase in exercise needs appropriate increase 
m food intake 

If dietar) control is insufficient or gradually becomes 
insufhcient surgical interference seems warranted If tumours 
are found the outlook is even better for complete recover) than 
if h)pcrmsulimsm is due simpl) to a hyperplasia of the islets 
Judd and Ilynearson (140) stress the danger that such tumours 
may become malignant and that dela)ed operation maj lead 
to the fin ling of an inoperable condition 

It would seem justifiable to conclude that in all cases where 
v cry low blood sugar v alues (25 or 30 mg per 100 c c ) are found 
recurring ev en occasionally in a senes of tests where there is no 
good response to dietetic treatment and especially where the 
history shows rapid onset or increasing sev enty of the condition 
laparotomy is called for 

Gray and Bur tness (89) have suggested an insulin tolerance 
test for hypoglycaemia in which after a twelve to sixteen 
hours fast intravenous injection of 0 01 unit of insulin per kg 
body weight is giv en This idea is based on Colhp s concept 
that the effect of parenteral administration of any endocrine 
principle is inversely proportional to its concentration m the 
body (ef p 4) and thus theoretically applies only to cases of 
hyperinsulimsm and not to all cases of hypoglyeaenna The 
authors claim that diabetic patients show a greater fall of blood 
sugar below the fasting value than do normal persons and 
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hypogl} caenuc patients a lesser fall than normal The} state 
that patients experience no discomfort during this test From 
a few tests carried out under nij direction I am unable to 
corroborate the last statement rrascr{73) supports the test 
Baudoum states that injection of insulin into mvxoedematous 
patients gives curves of the hypogl} caemic t\ pe, which are 
clianged to normal t\ pe bj thvToul administration 

The Use of Insulin in Non-diabetic Conditions 
Glucose insulin therap} is of prov ed benefit m numerous 
non diabetic conditions, through the stimulation of appetite 
induced bj insulin Some of the claims presented m the 
literature undoubtedh require confirmation 

Excellent results have been obtained with non diabetic 
tuberculous patients, the majontv of whom, even in severe 
cases, show increase of appetite and gam of weight and 
strength (40, 195, 51, 6, 12) Manv cases of malnutrition have 
benefited (245, 181, 25, 38), but Fre>berg thinks the benefit 
is due to suggestion (75) It is of benefit in congcstiv c heart 
failure and espcciall} with patients with intractable angina 
pectoris The opinion has been advanced that anginal pain is 
related to fault} carboh}drate metabolism in heart muscle, 
which is corrected by the insulin (247) 

Insulin promotes the fattening of chronicall} thin people 
to optimal weight A dose of, at maximum, 10 units 'given 
thrice dail} twenty to thirt} minutes before meals, leads to 
rapid gain of weight, increased well being and less nerv ousness 
and thus acts as an admirable tonic The gam in w eight is 
demonstrably due to actual increase in fat deposits, the fat cells 
becoming enlarged (22) 

Insulm glucose is of value in combating acidosis recurrent 
vomiting and acute intestinal intoxication in children (82), 
and the acidosis developing in prolonged narcosis produced 
for therapeutic purposes m certain tvpes of mental disease (212) 
It »s said to he a useful adjunct in the treatment of drug 
addiction (27, 39) and peptic ulcer (130 32) Good results 
m coeliac disease hav e been claimed b\ sev erxl writers (cf 2G7) 
In 1935 Sahel (233) published his method of treating cases of 
schizophrenia b} repeatedl} inducing h> pogl} caemia to the 
stage of conv ulsions b} injections of insulm ter} man} papers 
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ha\e appeared during the past four } cars dealing with Sahel s 
method The general conclusions seem to be that the treatment 
is distmctl> beneficial, although the degree of persistence of the 
cure and the extent to wlneh it exceeds spontaneous remissions 
still need careful evaluation It definite!} decreases the period 
of hospitalization (cf 125 42) Protamine zinc insulin is 
relatively inefficient for such treatment (85 s) 

Robinson (228) has reported good results in six out of nine 
taxes of acute alcoholic ps}diosis, achieved by similar 
treatment 

The use ot insulin as a dressing for chronic indolent ulcers 
has been suggested (161) but apparently without justification 
( 122 ) 

Sever d writers claim that it is useful in certain dermatoses, 
especially those associated with a disturbance in carbohydrate 
metabolism (25 1, 191) Benefit has been (laimed in cases 
of h} perthyroidism arteritis (25) t> phus chronic uraemia 
cholelithiasis and melanosarcoma with metastases (57) Claims 
that this therap} is useful in pernicious vomiting of pregnancy 
are denied (99) 
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Introduction 

Concerning the normal function of the paired glands whose 
close anatomical juxtaposition to the kidneys has led to the 
name suprarenal or adrenal glands, three senes of facts lias e 
been generally recognized for a considerable time 

These glands are composed of two separate types of tissue 
which in mammals constitute their cortex and medulla , m 
elasmobranch fishes these tissues exhibit no form of union 
Transition stages are seen m the amphibia We ha\e no 
evidence to prove that the approximation m mammals is not 
fortuitous although that seems unlikely 

Removal of both whole glands from an animal is fatal 
within a period of days Destruction of both medullas with 
a reasonably large proportion of cortical tissue left capable 
of functioning is not fatal, and indeed seems to have no 
particular effect upon the animal Hence the adrenal cortex 
is essential to life, while apparently the medulla is not 
The tissue of the medulla contains a compound, adrenaline, 
or epinephrine, or adremne which following intravenous 
injection produces a series of pharmacological effects all of 
which can be induced by stimulation of some one or other 
nerve of the autonomic system, hence this compound, and 
others which behave in the same way, have been termed 
“ sympathomimetic ” Of these effects the most striking are 
187 
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the increase of blood pressure, and of glucose concentration 
in the blood , the latter is caused through mobilization of 
liver glycogen 1 

Additional, and most important for study of adrenal function, 
is the recognition that Addisons disease is associated with a 
pathological condition of the adrenal cortex 

Comparative Anatomy Tins has been fully dealt with by 
Vincent (147) and others The following fncts v\ ill suffice here 
The adrenal cortex corresponds to the mterrenal body of 
clasmobranch fishes and Ciacomim's “ anterior mterrenal 
body * of teleostean fishes * 

“ Accessory cortical bodies ’ arc found in ^ ary ing numbers 
and positions Their total mass in mammals is relativ cly 
small when contrasted with that of the adrenal cortex itself 

“ Chromophile bodies ’ * are found in close relationship to 
the ganglia of the sympathetic nervous sy stem in elasmobranch 
fishes In mammals the relative total amount of chromophile 
tissue seems to increase Some part of the carotid body 4 and 

1 For an account of the earlier work on the adrenal glands sec 
Vincent (147) Sharpey Schafer (127) Goldxicher (51) or the articles in 
Barker b rndocnnology and Metabolism (5) tf also G roll man (50) 

* Vincent suggests the name cortical adrenal body in place of 
Glaoominis term and has confirmed Ramalho that this and not the 

corpuscles of Stanmus ’ represents the adrenal cortex in teleost* (148) 

* The staining reaction of the cells of the medulla with chromic acid 
and its salts was discovered by Henic in 180 a Stilling discovered the 
cells having the same reaction along the sy mpathetic ganglia and in the 
carotid gland and called them and the corpuscles which they formed 
and the medulla of the adrenal chromophil Vincent following a suggestion 
of Sharpey Schafer modified this term to chrnmaph l Kolm used the term 
• chromatlin and called the bodies jaragangha Poll more recently 
invented the term phaeochrome Obviously terms based merely 
upon staining reactions should at least be consistent and the term 

chromophile ’ will be used here in line with the similar terminology 
used for the cells of the anterior pituitary body even though the precise 
significance and the derivation differ 

4 Christianna Smith (134) W a study of the origin and development of 
the carotid body found that chtomoj hiteccllsvvctc abundant in that of the 
cow were present In the same structure of the cut, but were absent in that 
of the rat and concluded that there is no evidence to wurrant the milusion 
of the carotid body ui tl e endocrine system 

Recent work has suggested a particular association of the carotid body 
with the carotid sinus fn the regulation of blood r rcssure through a 
nervous reflex One may nevertheless venture to maintain that when 
chromof hile cells nte present in the carotid body they function as dootl cr 
cells of the chromophile system especially those associated w jth sympathetic 
ganglia 
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the whole of the abdominal chromophile body, are made 
up of chromophile tissue The largest mass of all is the 
adrenal medulla, but the proportion of chromophile cells in 
the two adrenal glands to total chromophile tissue is relativ ely 
less than that of cortical cells in the glands to total cortical 
tissue 

Development, and Macroscopic, and Microscopic Structure 
of the Adrenal Bodies Cortical tissue is of mesoblastic origin, 
but chromophile tissue originates from a certain section of the 
sympathetic structure and thus may be considered to be of 
nerv ous origin Gross section of the human adrenal shows three 
chief lay ers, a gray ish white or silv ery gray medulla, surrounded 
by an intermediary yellow or dark brown zone, which is again 
surrounded by a y ellow ish gray peripheral lay er, the cortex 
The widths of these three zones show w ide v ariations especially 
in different age groups Microscopically the cortex exhibits 
three strata, the glomerular (external) zone, the fasciculate, 
and the reticulate (adjacent to the medulla) There is no sharp 
demarcation between them The specific cells of the cortex 
hav e been described as “ clear ’ and “ dark ” according to their 
appearance after staining with iron haematoxyhn This may 
not reveal more than a difference m functional activity They 
contain typical mitochondria and are characterized by presence 
of lipoid granules In the reticulate zone pigment granules arc 
responsible for its brownish yellow colour (147, 51) 

Zwemer(159), in agreement with pre\ ious investigators, 
finds that the cortex grows from without inwards new cells 
being formed at the periphery , and cells being destroyed in the 
reticular zone The glomerular cells arise from indifferent 
cells resembling those of connective tissue and transform to 
the specific, lipide rich spongiocy tes As the cells secrete, the 
ratio of nucleus' to cytoplasm is greatly decreased Lipide 
material is probably extruded from the cells in droplet form 
Acute demand causes discharge of material from mature cells 
Prolonged demand stimulates formation of new cells (Cf 
also 7a ) It will he shown in Chapter \ III that the adrenal 
cortex is under control of an adrenotrophic hormone of the 
pituitary The Golgi apparatus, particularly ui the cells of the 
fasciculate zone, becomes shrunken after hy pophy sectomy, and 
is restored by injections of extracts rich in the adrenotrophic 
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m 1001 The researches of v Furtb, Jowett and Paul) 
established its constitution as 
OH H 

HO— c/ — CHOII — CII, — ■'VHCHj 

x c=c/ 

H H 

and comparisons with extracts of adrenal medulla demon 
strated that it was responsible for all their activ ities Adrenme 
prepared from the gland is lae\ o rotatorv , that prepared by 
sy nthesis is of course racemic The dextro rotatory isomer of 
the natural product is, according to Schiltz one third as 
physiologically active as the laevo rompound (For methods 
of preparation see Harrow and Sherman (62) ) 

\ arious names ha\e been suggested for this demative of 
tyrosine The obvious adrenaline, from its source and basic 
nature, has been criticized through its use for a pharmaceutical 
preparation of the compound and epinephrine and adrenme 
arc as often employed The last term due to Sharpey Schafer, 
will he most frequently used in this text 4 Supraremn was 
applied by v Furth to an impure but potent preparation and 
the term is still sometimes used 

The Actions of Adrenme Of the sympathomimetic actions 
of adrenme the most striking are the constriction of arterioles 
leading to mcreased blood pressure and its effects on carbo 
hydrate metabolism But little has recently been added to our 
knowledge of the first effect , important ad\ ances has e been 
m ide concerning the second 

The actual seat of action is still not decided, and is \ anously 
considered to be smooth muscle fibre some receptn e substance 
in muscle fibre, or at the myoneural junction 

The action of adremne on carbohydrate metabolism has 
recently been reviewed by Cori (30) and the additions that has c 
been made to our knowledge during the past few years arc in 
large part due to the investigations of Con and his eo workers 
In earlier work perfusion experiments with the livers of 
such cold blooded animals as the frog and turtle demonstrated 
that adrenme increases glycogenolysis with resulting formation 
of glucose The effect is not so marked or so regular when 
mammalian livers are used It has been assumed that the same 
action takes place in the intact animal but definite proof of 
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this has only recently become available, since the technique of 
the earlier work was open to criticism (32), and the data not in 
complete agreement 

The following typical experiments yield the necessary proof 
for In er glycogenolysis as a normal result of adremne action 
Rabbits were fasted for twenty four hours, and then injected 
w ith adremne in dosage of 0 5 mg per kg subcutaneously 
Hyperglj caemua and glycosuria resulted The lner glycogen 
content diminished for one and a half hours, then slowly rose, 
until, at the third hour, it had risen above the original basal 
Ie\ el, although a hypergly caemia w as still present It continued 
to rise until the eighteenth hour (122) When rats w ere injected 
with adremne in amount sufficient to produce h> pcrgly cacmia 
but not glycosuria, there was a definite fall in lner glycogen 
during the first fifteen minutes, then a slow rise, untd the 
original -value was surpassed in just over an hour (32) 

These experiments not only demonstrate change of gly cogen 
to glucose as an effect of adremne action, but suggest a svnthesis 
of glycogen from some other source Synthesis and hydrolvsis 
of glycogen can apparenth proceed simultaneously in the liver 
during adremne action, since hourly determinations show that 
the amount of glycogen formed in the lner of rats is at least 
as great in animals which receive an adremne injection as in 
controls (32) 

We know, from Scliondorff s work, that, excluding the liver, 
by far the greater proportion of the body glycogen is in muscle 
Following adremne injection in rats, even in physiological 
dosage, this non liver (and chiefly muscle) glycogen definitely 
and markedly diminishes (32), while liver glycogen at first 
decreases and then increases Obv iousIv a transfer of gly cogen 
from muscle to liver is suggested Since muscle glycogen is 
known to hydrolyze to lactic acid, and since the liver can 
transform lactic acid to glycogen, this appears to be the 
intermediate agent of transfer, permitting muscle glycogen to 
become av ailable as blood glucose through the c\ cle (30) 

Blood glucose 

x' ^ 

Lner glycogen Muscle glycogen 

v X 

Blood lactic acid 


*4 X1D0C 
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(The results of certain other lm estigations are not in complete 
agreement with these conclusions (33 121 41) ) 

Con (30) concludes from all such work that the acccJera 
tion of glycogenolj sis in muscle is a physiological effect of 
epinephrine The basic action of this 1 ormone in liver and 
in muscle is therefore the same except that the end product 
of glycogenolj sis is mainly glucose m the User while it is 
lactic acid in muscle He inclines to the new that the 

glj cogenase in the liv er cell is usually m large part rendered 
inactive by adsorption on to some surface adren nc lesser s 
the adsorption through surface activity action and so favours 
gljcogenolysis insulin favours adsorption thus decreasing 
glycogenolysis 

The necessary final proof of the cycle of glj cogen just dealt 
with is afforded bj the observation repeatedly confirmed 
that adrenme injection produces a marked increase in the 
lactic acid content of blood (30) \\ hen the injection is of 

physiological magnitude the effect on blood sugar and blood 
lactic acid passes off more slowly than that on pulse rate 
respiration blood pressure and basal metabol c rate V 
temporary rise in the respiratory quotient is produced due to 
the increased production of lactic acid causing a hyperventila 
tion resulting m increased elimination of carbon d oxide 
There is no increased oxidation of carboliy drate it mav even 
be decreased (30) 

That the same series of changes can follow secretion of 
adrenme from the adrenal glands is suggested by the fact 
that effective puncture of the floor of the fourth ventricle 
produces not only rise in blood sugar and blood lactic acid but 
increases secretion of adrenme from the glands which presum 
ably is the causative mechanism of the other changes (30) The 
action of adrenme on glycogen is probably only a lytic one (12) 

Hrubetz(72) showed that when rabbits are injected 
subcutaneously with varying doses of adrenme the blood 
sugar reaches its maximum value one and a half hours after 
injection independent of the dose and does not return to 
normal level till more than four hours after the injection 
Rise of blood sugar lev el is proportional to dosage witl dosages 
varying from 0 05 to 0 2 mg per kg after which the effect 
becomes relativ ely less 
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An interesting observation of Da Silva on cats confirmed 
bv Marenzi and Gerschman on dogs (100) is that intravenous 
injection of small doses of adrenme leads to an immediate 
increase of blood plasma potassium in two or three minutes 
the potassium content has returned to normal This effect is 
not produced in hepatectomized animals suggesting that the 
hv er is the sourde of the extra potassium 

The Calorigemc Action of Adrenme The term w as introduced 
by Boothby and Sandiford (11) to describe the increase of 
ox\ gen consumption which occurs after subcutaneous injection 
of adrenme Dogs injected intravenously at rates varying 
from 0 0006 to 0 002o mg per kg per minute showed during 
periods of six to thirteen minutes increased caloric outputs of 
from 12 to 33 per cent In man it has been show n that injection 
of 0 0005 mg per kg per minute raises heat production 8 to 
17 per cent although half that dosage is without effect (31) 
The effect does not seem to be due to muscular activ lty and is 
not prev cnted by hepatectomy It seems due to extra expendi 
ture of oxidativ e energy required for reconv ersion of lactic acid 
into glycogen (23) It is produced rapidly and ceases rapidlv 
following cessation of injection 

Formation and Destruction of Adrenme Their chemical 
relationship suggests strongly that adrenme is formed from 
tyrosine Schuler testing various potential precursors with 
surviving guinea pig adrenal medulla tissue in Ringer s solution 
and using Folin s reaction as a test for adrenme found that 
pheny lethy lamine increased the reaction negligibly and 
tyramine markedly Tyrosine and phenylalanine produced no 
effect The adrenme like nature of the product was prov ed 
by blood pressure experiments Schuler considers that tyranune 
is probablv formed in the kidneys by decarboxylation from 
tyrosine and is then transformed by the adrenals (171) 
Holtz (69) has confirmed the enzymic production of tyramine 
m the kidneys and has succeeded in isolating it from kidney 
tissue in the form of a benzoyl derivative Devine has shown 
that in the bullock adrenal pheny lethy lamine is the probable 
precursor (40a) 

One of the functions of ascorbic acid (vitamin C) in the 
adrenals may be to stabilize adrenme since it tends to prev ent 
its oxidation (67) Scorbutic guinea pigs do not react to 
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injections of adrenme but treatment with ascorbic acid restores 
the normal action (157) 

\ ertebrate tissue such as In er intestine and kidney 
contains an oxidase which brings about oxidation of adrenme, 
tyrnmine and aliphatic amines Adrenme is com erted to 
inethy hmine and an aldehyde (ITS *)) 

The Normal Function of the Adrenal Medulla While 
adrenme can be shown to produce very definite effects when 
injected it does not automatically follow that these results 
are phy siological in nature and not merely pharmacological 
The lack of finality twenty vears ago in theories concerning the 
function of the medulla is well exemplified by the presence 
of two articles by two different investigators in Barkers 
* Fndocrinology and Metabolism Much of the somewhat 
controversial character of these articles was due to differences 
in the critical evaluation of mechanisms for measuring the 
output of adrenme through the adrenal veins (for which the 
original articles must be consulted (187 24) ) 

Stewart (137) considered it to be established that a measur 
able and fairly constant amount of adrenme is constantly 
being discharged into the circulating blood under control of 
the nervous system suggesting that it has a definite function 
but that ev en when the glands are strongly stimulated as by 
electrical stimulation of the splanchnic nerves or by strychnine 
the increased output of adrenme is merely subordinate in its 
effect on blood pressure to that of the nervous system All 
the best ev ldence is to the effect that the blood pressure remains 
practically unaltered for a time when the suprarenal veins are 
carefully clipped He believed that adrenme is not 
indispensable for life or health 

Cannon (24) stressed the subjection of the adrenal medulla 
to central nervous influences through the splanehnics 
emotional excitement pain asphyxia and similar phenomena 
causing nervous discharges through the sympathetic system 
stimulated the adrenals so that there was prompt discharge of 
adrenme into the circulation — hence his emergency theorv 
of adrenme action 

According to the tonus theory (origmallv supported by 
Flhott and Died!) the function of adrenme is to maintain the 
svmpathetic nerve endings in a state of responsiveness of 
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moderate activity, of tone Since small doses of adrenme 
induce relaxation of the blood vessels and lower blood pressure, 
Cannon found it diflieult to understand how its function could 
be to maintain a state of tonic contraction 

He regarded the secretion as discontinuous and summed up 
“ Suprarenal secretion is not a necessity at least m times of 
serene existence There is ev idence, how ev er, that epinephrine 
is secreted in times of great emotional stress and under 
circumstances which cause pain or asphyxia The function 
of the suprarenal medulla is to be looked for under conditions 
which rouse it to action Excitement, pain, and asphjxia are, 
in natural existence, commonly associated « ith \ lolent struggle 
for self presen at ion. Under such circumstances the 
operation of the sy mpathetic div ision of the autonomic nerv ous 
sy stem, together with the aid which epinephrine affords, will 
muster the resources of the organism m such a way as to be of 
greatest sen ice to such organs as are absolutely essential for 
combat, flight, or pursuit The cessation of activ lties of the 
alimentary canal , the shifting of the blood from the less 
insistent abdominal i iscera to the organs immediately essential 
to life itself, such as the lungs, the heart the central nenous 
system, and, at critical moments, the skeletal muscles as well , 
the increased cardiac vigour , the quick abolition of the effects 
of muscular fatigue , the mobilization of energy giv ing sugar 
in the circulation — these are the changes which occur when 
fear or rage or pain causes the suprarenal glands to pour forth 
an excessive secretion The organism which with the 

co-operation of increased suprarenal secretion can best muster 
its energy, can best call forth sugar to supply the labouring 
muscles, can best lessen fatigue, and can best send blood to 
the parts essential in the run or the fight for life, is most likelv 
to survive ” 

More recent work tends to harmonize the views of Stewart 
and Cannon One of the damaging pieces of evidence against 
the view that adrenme normally helped to control blood 
pressure was the claim that clamping the adrenal veins did not 
lead to fall of blood pressure Recent w ork does not support 
this claim, and explains the cause of it 

Vincent and Thompson (149) showed that Cow (84) was 
correct in claiming that there is a collateral circulation in the 
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neighbourhood of the adrenal glands there being one or 
more small \ ems draining the adrenal vein in its course across 
the gland into the renal lem and also n more comj heated 
plexiforin group of vessels situated \ osteriorly Hence the 
older experiments m which only the adrenal v ems were clamped 
or ligatured led to fallacious conclusions since adrenme could 
still leak out through the collateral circulation They showed 
in experiments on anaesthetized and decerebrate cats m which 
both the adrenal v ems and the collateral circulation w ere tied 
olT tluit a fall of blood pressure always follows such ligation 
This is not permanent There is slow recovery probably 
dependent on vaso motor control of the splanchnic area They 
conclude the adrenal glands should not be considered as 
essential to the maintenance of blood pressure but 
should be described as a normally functioning accessory 
mechanism the removal of which causes a transient fall of 
pressure 

Prolonged subjection of animals to fatigue or to cold 
markedly depletes the adrenal medulla of adrenme (148 30 37) 
Tniotional hyperglvcaenua evoked m caged cats by an 
nggressne dog is but little modified when the splanchnic 
branches to the liver are cut but is profoundly affected 
following removal of both adrenal medullas Blood sugar 
is significantly depressed and liver glycogen remains within 
normal limits suggesting a failure to mobilize liver glycogen 
through lack of adrenme and supporting Cannon s emergency 
theory (13) 

Cannon (23) has recently summarized the ev idence m fav our 
of discontinuity of adrenal secretion hut admits that there 
is no logical antagonism between the tonus theory and the 
emergency theory Since even such minor exercise as 
walking has been shown to call forth a definite secretion of 
adrenme (25) obv lously the difference of v lew point is of 1 ttle 
more than theoretical interest under the ordinary conditions 
of existence sufficient adrenme must be available in at least 
regularly intermittent intervals to affect hoth blood pressure 
and carbohydrate metabolism almost continuously 

Systemic Effects Intermediated through the Adrenal Medulla 
The essence of the emergency theory relates emotional 
glycosuria to increased action of adrenme Nicotine poisoning 
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leads to glj cosuria and increased secretion of adrenme and the 
slight hyperglj caemia which follows the smoking of tobacco is 
attributable to the same intermediation (9o) In certain states 
of emotional tension m mental patients sugar tolerance curves 
show a delaj ed return to normal fasting v alues and this effect 
is also traceable to adrenme action {96) In hj perthyroidism 
the emotional instability generally present is probablj in part 
responsible — through adrenme action — for the h> perglj caemia 
and gh cosuna so often present 


Histological Demonsfralion of Aditnlnt Secretion Cramer (35) 
treats the resting adrenal gland with osmic acid vapour and states 
that adrenme becomes visible as granules in the medullary cells 
Wien the gland is stimulated to activity these adrenme granules 
are seen to be expelled into the veins of the gland gi\ mg a clear 
visual demonstration of interna! secretion By this procedure 
he has demonstrated that exposure to cold is a powerful stimulus 
to the medulla while asphyxia and ether anaesthesia also stimulate 
secretion 

Ephedrine Since adrenme is without action when administered 
by mouth it is interesting to contrast with it ephedrme the recently 
discovered principle of the ancient Chinese drug Ma Huang The 
literature concerned with it has been reviewed bj Chen and 
Schmidt (29) 

It is laevo rotatorj with the formula 
H II 

C— CHOH— CHCH,— VHCH, 

>C— O' 

H H 

It ls the chief active principle of the Asiatic species of Ephedra 
plants 

It produces its pharmacological effects when given b> mouth or 
by injection Its toxicity is low Individuals who do not have a 
vago-sym pathetic equilibrium may experience untoward symptoms 

It produces certain sympathomimetic actions It raises the blood 
pressure increases cardiac activitj dilates the pupil relieves 
bronchospasm and contracts the uterus It produces hyper 
glj caemia and slightly increases the basal metabolic rate and 
0x5 gen consumption 

Its action compared with that of adrenme is less intense but 
more prolonged 

It has been used clinically with success in the treatment of 
bronchial asthma hay fever, whooping cough bronchitis postural 
hypotension, etc 
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Various related compounds with comparable effects have been 
syntnetfeed 

Chemical Transmission of Nerve Impulses While the evidence is 
convincing that adrenlne is a true endocrine compound secreted 
bj the adrenal medulla into the adrenal vein and thereafter produc- 
ing its sympathomimetic action in the tissues to which it is carried 
strong evidence is also now available that impulses Uansmitted bj 
the sympathetic and pams jmpathetic nenes are then chemical ! / 
transmitted bj substances liberated at the nene endings uhich thereupon 
act upon the effector structures Adremne itself or a compound 
closely related to it is believed to be responsible for transmission 
from the great majority of the sympathetic fibres and acetylcholine 
CH, CO O CII| CH, N(CIf,)j OH for transmission from para 
sympathetic fibres 

These compounds so produced can scarcely be regarded as 
endocrine yet their behaviour is so closely related to that of the 
product of the adrenal medulla that a short account of their actions 
seems desirable This is largely taken from recent papers by 
Dale (30) and McSwiney (03) 

Injection of acetylcholine produces very exactly the various 
effects which result from stimulation of different parasympathetic 
nerves It lias been isolated from the spleen and from the white 
cells or blood and possibly from other organs so that it may be 
considered a normal product of the organism It is not only very 
unstable but the blood contains a specific esterase wh ch hydrolyses 
it rapidly to chol ne and acetic acid Progress in proving its 
presence m relation to nerve transmission has only been possible 
since the discovery that esetme (physostigmine) inhibits the action 
of the specific enzyme Hence whenever esenne intensifies or 
prolongs a nervous effect there is ground for believing that acetyl 
chol ne is concerned in the transmission of that effect cumulative 
evidence is convincing 

The effects attributable to the intermediation of acetylcholine 
include vagus inhibition on the heart (Loewi) and probably' most 
of the actions produced through the vagus (Dale) the stimulation 
of salivary secretion (Babkin and others) the transmission of 
stimuli through the splanchnic nerves to the adrenals (reldberg and 
Muir) and the transmission of intestinal peristalsis (Le Heux) It 
seems probable that it is the agent by which impulses are passed 
across the synapse of the ganglion cell (07a) it may lie concerned 
with the transmission of nervous excitation to voluntary muscle 
and even with transmission of impulses in the central gray matter 
of the brain (Dale) 

When in a cat adrenalectomized and deprived of all other 
chromophile tissue the lower end of the sympathetic chain fs 
stimulated something passes into the blood which produces 
adrenme like actions (Cannon) including a nse in blood sugar (10) 
Cannon believes that be bas sufficient evidence to distinguish 
this from adrenme itself and has termed it sympathin 
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Complete remo\al of the chain of sympathetic ganglia abolishes the 
phenomenon 

When the cervical sympathetic nerve is stimulated, this substance 
appears m the aqueous humour of the c\ e It has been shown to be 
a catechol derivative with an animated side chain (Bacq) It is 
therefore so closely related to adrenwe that convincing evidence will 
be necessary to disprove its identity with the latter Cannon, 
however, refuses to admit identity, and even asserts the existence 
of two “ sympathms,” one excitatory and one inhibitory (26) 

Since there is not complete parallelism between the two chemical 
mecJtarusms and the two divisions of the autonomic nervous system 
Dale suggests that nerv es might be classified as cholinergic, or as 
“ adrenergic,” according to the chemical substance which is liberated 
to transmit their impulses 


Abnormal Conditions of the Adrenal Medulla 

As has been seen, there is no sound ev idence that depression 
of adremne function permanentlv depresses the blood pressure 
There is os jet little sound evidence of disease entities in which 
the symptoms are definitely attributable to hypoplasia of 
chromophile tissue Goldzieher has reviewed the favourable 
evidence (51) 

Hyperfunction of the adrenal medulla with chronically 
increased functional activity, if the condition existed might be 
expected to produce a persistently heightened blood pressure 
with some degree of hv pergly caemia Such a condition, 
associated w ith hv pcrplastic medullary tissue, has not y et been 
proved to exist (cf 51) 

On the other hand, hyperfunctioning adenomatous tumours of 
chromophile tissue produce paroxysmal hypertension in which, 
from time to time, the (diastolic) blood pressure rather suddenly 
rises from normal to 200 or more mm of mercury , with various 
acute and distressing symptoms, and after a variable but 
relatively short time, sinks back to normal Somewhat more 
than forty cases of this svndrome have been reported, most 
of them well authenticated by the finding of a tumour at 
autopsy or operation The subject has been well reviewed bv, 
amongst others, Rabin (111) and Donzalet (42) 

The condition w as first recognized at post mortem by Robert 
in 1899, was first diagnosed during life by \ aquez and Donzalet 
in 1926, and w as first successfully treated by surgical mterv en 
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tion by C H Mayo in 1027, since when surgery lias been 
successfully utilized in a number of cases 

The onset of the syndrome is usually but not ah' ays insidious, 
the attacks of hjpertension gradually increasing in sc\ enty 
and in frequency, accompanied by shivering and pallor, and 
followed by palpitation, rapid pulse perspiration and cyanosis 
of the extremities A hemiplegia may ultimately develop, 
some degree of albuminuria is not uncommon in the later stages 
and the patient ultimately dies in an acute attack or m coma 
At autopsy a v aricd pathology is found with a tumour of one 
or the other adrenal, or, more seldom of one of the accessory 
chromophile bodies 

These tumours consist of abnormal proliferations of mature 
phaeochromocytes, in Rabin’s terminology (111) and are 
i anously termed “ chroma (Tin tumours paraganglioma * 
and “ phaeoclvromocy toma ’ (Other groups of tumours arising 
from the adrenal medulla neuroblastomata and ganglio 

YWKiwwita., are denied from. «\Vs cotnpEWYng ths. 
non specific elements of the adrenal glands ( 11 J) ) 

The phneocliromocy toma or paraganglioma is usuallv benign 
perfectly encapsulated, and does not gn e rise to metastases It 
may be as large as an orange The cellular structure is like that 
of the normal adrenal medulla and histologically suggests 
active secretion 1 

Shipley’s case (118) is fairVv typical \ woman aged twenty 
six suffered from paroxysmal attacks of hypertension of 
increasing frequencj, while sc' ere occipital headaches became 

1 Concerning the tcrminologv Rabin remarks It is perhaps ud\ liable 
to offer some justification for the term phaeochromocytomn The tumour 
has been known variously bv the names anjposarcorlW (icnthehoma 
struma moduli incystica suprarenalts paraganglioma and chromaflln cell 
tumour The first three names may be excluded for obvious reasons The 
term paraganglioma was originated by Alezais and Pcyron in 1007 in 
describing a tumour of the sacro coccygeal region It i' aa denied from 
the name paraganglion which was applied bv Kohn t° the enromanin 
system appri pnate since it described the embryonic origin of II e system 
I ick however suggested the advisability of naming the lumour from the 
predominating tyi'e of cell— in tins case the 5 ! aeochrcii'O'rytc the name 
of which originated by Poll is generally accepted It appears espet illy 
advisable to use the name of the mature chromaffin eel' became of the 
parallelism between this tumour and the ganglioneuroma Which was 
named after the mature sympathetic cell which Is developed from the 
same anlage 
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an increasingly troublesome symptom Between attacks her 
blood pressure was 120/90 during attacks it rose to 219/110, 
and even higher Diagnosis of adrenal tumour was made 
there was no clue to indicate w hich gland w as affected Explora 
tion showed the right adrenal involved and this was remo\ed 
at subsequent operation Com alescence was stormy Ten 
months later she w as entirely free from s\ mptoms with normal 
blood pressure The tumour weighed 115 grams measured 
9X7X3 d cm and was completely encapsulated Macro 
scopically it was a tumour of the medulla microscopically a 
paraganglioma 

In a case reported from the Mayo Clin c (76) in which the 
blood pressure \aried from 90/70 between attacks to 280/160 
or similar figures in attacks palpation of the right kidney 
suggested tenderness and at operation a large tumour 10 5 cm 
in diameter was removed there was a fringe of cortex at the 
lower border The tumour was filled with necrotic material 
and apparently many haemorrhages had taken place into it 
Its total weight was 240 grams one half of it yielded 120 mg 
of cry stalhne adremne The patient made a complete recov ery 

Cases of paroxysmal hypertension have been reported in 
which X ray examination suggested w hich adrenal was mv oh ed 
and the indication was proved correct at subsequent successful 
operation (7o) 

Hicks (67a) has described a case m which a tumour — a 
phaeo'Chromocy toma — was discovered at post mortem examina 
tion attached to an adrenal by a short fibrous pedicle through 
which it received its blood supply Extract of the tumour, 
injected intravenously into a dog produced a marked pressor 
effect The patient had not exhibited hy pertension In a 
similar case reported by Rogers (114) hypertension was present 

A case of malignant phaeoehromocy toma of the adrenals 
has been reported by King (82) Although the tumour 
contained typical chromophile cells which were also present 
m some of the many metastases the patient had exhibited 
normal blood pressure 

If it be admitted and there is good ground for so doing 
that marked hyperproduction of adrenme from tumour masses 
can lead to a definite pathological syndrome then there 
must occur intermediate stages with less definite symptoms 
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Obviously some degree of hypertension — probably interm ttent 
is to be expected It by no means follow s that hj persecretion 
of adrenme is to be considered a common cause of by | crtension 
or of artenoscleroMS The evidence m favour of its being a 
possible cause has been set out by Goldzieher (51) 


The Adrenal Cortex 

Results following Extirpation The fact that extirpation of 
the adrenals leads rapidly to death while destruction of both 
medullas does not do so is in itself no proof that the adrenal 
cortex secretes an endocrine compound even though the 
adrenals are ductless glands 

One of the most characteristic phenomena follow mg remov al 
of both adrenals in an animal is the delated but rapidly 
increasing asthenia 4 incent describes the results in Hultgren 
and Andersson s early experiments After the operation the 
animal recovers in a few hours and in the first few days si ows 
no ill effects from the operation except some loss of appetite 
During the last twenty four hours before death or earl er the 
animal becomes stupid and quiet and sho is (especially is th s 
the case with cats) weakness and uncertainty of movement m 
the hinder extremities During tins period too the tempera 
ture begins to fall and the apathy and weakness increase 
Then the hind limbs become stiff tl c animals tire on the 
slightest exertion and show extreme prostration Finally 
with increasing asthenia there is dyspnoea heart weakness and 
death In rabbits com ulsions are common but do not occur 
in cats and dogs (14" cf also 4) 

BiedI showed in 1910 that removal of the interrcnal 
body (cf p 188) in elasmobranch fishes produced a very 
similar senes of symptoms His results hav e recet tly been 
fully confirmed by hisch (83) The tra n of eients is a 
persistent balling of the pigment of the skin chroniatophores 
so that the animals take on a dirty gray colour slowing 
of respiration muscle weakness shortening of tl e body 
musculature by persensitmty to oxygen scarcity and death 
Injection of acid extracts of mterrenal tissue may delay death 
for hours Injection of sea water adrenme or liver extract is 
without effect Death appears due to respiratory failure 
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Maes (99) has shown that corresponding changes also occur m 
the adrenalectomized frog 

The rat seems more resistant to double adrenalectomy than 
do most mammals , this is probably associated with the more 
frequent presence of accessory cortical bodies in this animal 
(cf 52) The mortality rate thus \anes greatly in different 
laboratories (2), age at operation being also an important 
determining factor (133) , comparison of results is rendered 
difficult Chronic effects can be more easily determined in the 
rat Levy Simpson and Korenschev sky stress the in\anable 
presence of decreased appetite , certain other effects are 
undoubtedly secondary to this Growth is impaired and there 
is poor fat deposition delayed involution of the thymus and 
increase in weight of the secondary sex organs , degeneration 
of the second convoluted tubules of the kidney has been 
observed (131) 

Metabolic Changes During the penultimate stages the blood 
urea and non protein nitrogen rise, while blood glucose falls 
The inorganic phosphate of the plasma gradually increases 
while the carbon dioxide capacity decreases (118, 150) One 
of the most definite effects is a change in the relativ e propor 
tions of the mineral constituents of the blood There is a 
marked fall in sodium content, a lesser fall of chloride (and 
correspondingly increased excretion of these constituents m 
the urine) while potassium and magnesium contents are 
increased (6, 90) 

In the frog, after muscular asthenia is present, there is 
according to Moschim, a marked drop m the creatine phosphate 
content of muscle (106) 

The significance of these and other changes vv ill be discussed 
in the section dealing vv ith the function of the cortical principle 

Preparation of Active Extracts of the Cortex For the 
ev idence that the adrenal cortex produces an internal secretion, 
and for the successful preparation of concentrated extracts of 
that secretion, we are especially indebted to three groups of 
mv estigators — Stewart and RogofT, Hartman and his co workers, 
and Swingle and Pfi/Fner 

Stewart and RogofT recognized that in attempts to prepare 
activ e extracts of the hormone it is essential to use as biological 
test the prolongation of the life of an adrenalectomized animal 
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The) showed first that with fine surgical technique it was 
possible to prolong the lives of adrcnalectomized dogs to a 
moderately constant span TFie adrenals were removed in a 
two stage operation An interval of a week gave as good 
results as a longer period In their first series the average 
length of life following the second operation was sev en days , 
two out of sevent) four animals In ed to the fifteenth daj In 
a later senes with still better technique the average duration 
of life was eight or nine dajs the maximum was practically 
unaltered Cats survived an average period of eleven da)s, 
one lived thirty two and a halfdays (They noted incidental!) 
that such adrcnalectomized animals frequently develop ulcers 
in the stomach or duodenum ) 

Hartman (04 05) also used cats and employed a two stage 
operation Swingle and PfifTner cmplo)ed both cats and 
dogs (140) 

Stewart and Hogoff extracted adrenals with excess of 0 0 
per cent saline containing a little gljcero! with subsequent 
addition of alcohol and fractionation of the extract with 
benzene The) showed that injections of such extracts into 
both dogs and cats definite!) lengthened the survival period 
indicating that these extracts contained the active principle 
of the cortex This they termed t nterrenahn (118 138 136) 

Hartman extracted adrenal cortex material with ether 
(winch remov es v cry little adrenine) cv aporated of! the ether 
extracted the residue with warm 80 per cent alcohol and 
chilled the extract Inert material separated and was remov ed 
The alcohol was distilled off tn tamo and the residue dissoh ed 
in water and sterilized Such preparations are almost free 
from adrenine 

Continued injection of such an extract into adrcnalectomized 
cats keeps them ahve mdefimtel) Adrenalectomized >oung 
female rats have been kept alive to matuntj and have reared 
normal litters W hen such adrcnalectomized rats are exposed 
to cold the bod) temperature falls and they ma) die Injection 
of the extract restores their normal reactiv ity to cold Hartman 
termed the active principle cortm 

Swingle and PfifTner obtained their active preparation by 
extraction of the adrenals mth ethyl alcohol and subsequent 
treatment of the extract with benzene ami acetone discarding 
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residues then distribution between 70 per cent alcohol and 
petroleum ether transference of the alcohol fraction to 9o per 
cent alcohol filtration through pcrmutit (which removes 
adremne) and transference to water The extract so obtained 
appeared to be somewhat more potent than that of 
Hartman (97) I* xtracts of this ty pe also keep adrenalectomized 
dogs and cats alive for indefinitely long periods 

Various methods based on the same general principles 
have been employed by Zwemer Kutz Grollman and Firor 
and others and potent extracts obtained 1 
Hoskins (70 40) has prepared a potent extract very simply 
by extraction with glycerol This is effective orally and 
has been tested on schizophrenic patients whom he believes 
to be in a condition of chronic hypoadrenahsm on account 
of secondary anaemia low blood pressure reduced body 
temperature and subnormal oxygen consumption After ten 
weeks treatment the average systolic blood pressure has 
increased 20 to 80 mm mercury and the diastolic pressure 
showed corresponding increases The patients also showed 
some increase in body weight and red cell count 

An active extract has been prepared from the interrenal 
bodies of skates (60) 

Physiological Properties of Cortical Extracts These have 
been studied by Hartman (64) Swingle and Pfiflher (140) 
Britton (15) Wilson (154) Iloussay (71) and others Many 
of their findings are in agreement although there is still marked 
disagreement as to the function of the principle as revealed by 
such findings In most of the extracts used in such work lec 
is equivalent to 40 grams of whole gland 
Adrenalectomized cats injected daily with a small dose 
(0 o to 1 0 c c ) of active extract hav e been kept m perfect 
health for 100 days when they were sacrificed to demonstrate 
absence of cortical tissue In such experiments the cats ate 
played fought and kept themselves sleek and clean in other 
words their behaviour was perfectly normal If at any time 
injections were stopped such animals dev eloped adrenal 
msuffciency in usual fashion and died within ten days At 
any time before death recommencement of injections in larger 

1 For deta Is of var ous methods of preparation of the cort cal principle 
see Harrow and Sherwin (6Z) 
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and more frequent dosage brings complete restoration Similar 
results have been obtained with do„s 
Swingle reported m 1H31 (141) that he had then hej t three 
dogs alue for more than two jears Immediate!} following 
the adrenalectomj the} required an amount of extract 
equivalent to 20 to 40 grams of gland dad) but subsequently 
a routine injection corresponding to 4 to 8 grams sufliced, 



FlO 21 The we ght cl art of a bilaterally ndrenalcotomired cat 
treated with an acti\e extract of the cortleo adrenal prl ciple 
follow ing the exhibition of severe symptoms of adrenal Insu/T 
c ency I Rlgl t adrenal removed II Left adrenal remm ed 
III Animal j rostrate treatn ent begun I\ Treatment 
discontinued \ Death trom adrenal insufilc encj (T roni 
FfifTner and S nngle Et doennologj 1031 x\ 338 1 

although the requisite amount showed considerable \amtion 
The high blood urea of the ndrenalectomized anunal 
disappears, following injection The threshold for fatigue is 
increased although just as fatigue is one of the earliest 
symptoms to appear in adrenal insuflieiene) so it is among the 
last to d sappear follow mg successful treatment 
The effects of deficiency and administration of the principle 
are well shown in Fig 24 (shoving changes in hod) v> eight) 
and Fig 25 (showing changes in bod) temperature) The 
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FiO 2o Rectal temperature chart of a bilaterally adrenal 
ectomized cat treated intrapentoneally with an active extract 
of the cortico adrenal principle following the exhibition of 
severe svmptotns of adrenal insufficiency I Second adrenal 
removed II No symptoms 111 Prostrate treatment 
begun I\ No svinptoms \ Treatment discontinued 
M Animal prostrate (died of adrenal insufficiency ) (From 
Pflffner and Swingle Fndocrmologj loc eit ) 



Fio 20 Bilateral!} ndrenalcctomizcd female and male dogs 
about one vear after operation Both animals had been 
repeatedly brought into a condition of adrenal insufficiency 
by temporary discontinuance of the injections of adrenal 
cortex pnncijle {From Swingle and Ififfner Medicine 
lim xi 389) 

perfect condition of adrenalectomized animals following 
prolonged replacement therapy is demonstrated in Fig 26 
It is clear that cortical extracts are effectn e by mouth But 
oral administration is not nearly as effective as parenteral 
injection. Swingle (141) states that his extract is only one* 
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twelfth as effective by oral route Grollmm and Firor claim 
that theirs is one fifth as effective (58) They state that this 
is clue to rapid inaetn ation of the prmcij le m nlkal ne medium 
for similar reasons fresh or desiccated adrenal gland is lot 
i ery cffectn c when gi\ en orally while it is toxic unless the 
medulla is completely removed They find that as tested on 
adrenalectonuzed dogs cortex tissue heated rapidly to 100 ° C 
can be used successfully 

Intra peritoneal injections act rapidly Cats in extreme 
I re termu at prostration definitely improve m from fifteen 
to thirty minutes Conv ulsions are abolished and the animals 
attempt to sit lip Within an hour they may walk about and 
appear almost norma! W ithin two hours they may take food 
1 or complete restoration of such cats a twenty four hour dose 
equivalent to 0 12u to 0 25 gram of fresh whole gland per kg 
body weight is necessary representing at least 2 000 times the 
amount present in a normal cat s adrenals (15) 

It is noteworthy that the maintenance dose is always much 
greater than that present at any one time in normal glands 
The recovery dose from pre terminal prostration is much 
greater still 

Large excess of the cortical extract is non toxic Def mte 
effects on normal animalsliavebeen reported (and denied (03)) 
It is said that capability for exertion is increased Both m 
normal dogs and in man there is nn initial fall in excretion of 
sodium and chloride followug injection of the extract with a 
slightly increased excretion of potassium After repeated 
injection this effect is no longer produced (65) Ilyperirophi 
of the anterior pituitary is produced »n young rats but no 
changes have been observed in the thyroid or adrenals Action 
cm the gonads will be dealt with later 

The principle is excreted in urine in minute quantities It 
Ins been estimated that 1 ltre of urine contains the amount 
m 0 j gram of gland (41 cf 110) 

Assay of Extracts Harrop and H c nst cm work ng with Swingle 
and I flffner have developed a pr nc pie of assay based largely upon 
the change in blood non protein nitrogen and urea wh cl follows 
complete adrenalectomy , , , , 

Adult n ale dogs 0 to 10 kg In weight arc adrenakctomized in 
two stages and proof of successful operation a demonstrated by 
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withdrawal of the extract and appearance of definite symptoms 
of insufficiency The dogs are placed on a fixed standard diet and 
the amount of extract is determined, necessary to keep them in 
normal condition 

A dog unit (DU) is defined as the minimum daily kilogram 
dose of cortical hormone necessary to maintain normal physiological 
conditions m the adrenalectomized dog for a period of seven to ten 
days the two criteria of normal physiological condition lieing 
maintenance of body weight and blood lei el of non protein nitrogen 
(or urea) (140) 

Kendall (78) criticized the method on account of the great 
variability shown in the response of adrenalectomized dogs 

Kutz suggested a method of assay using rats (85) and E verse and 
de Fremery (45) another based on the decreased rate of production 
of fatigue of muscle produced by injections of the principle into 
anaesthetized adrenalectomized rats \anous modifications of this 
method have been used All seem open to criticism (cf fiO) 

Schachter and Beebe (123) suggest the guinea pig as test animal 
describe a method of bilateral adrenalectomy and claim that 
results are very constant for different guinea pigs 

Chemistry of the Compounds of the Adrenal Cortex 1 Chemical 
studies of the adrenal cortex have been made especially bv 
Kendall, Reichstein W intersteiner and their respective 
colleagues (cf 101 155 60) A number of crystalline compounds 
have been obtained some of which are physiologically active 
possessing in vary mg degree what can at present best be termed 
* cortin like activ ity Some hav e properties ally mg them 
with the sex hormones while others are physiologically inert 
It is not yet proved whether any one of these can be regarded 
as the true life prescrv ing hormone of the cortex nor to 
what extent if any others can be regarded as intermediate 
stages m the preparation of the true hormone nor indeed is it 
at all clear how many hormones are elaborated by the adrenal 
cortex 

Different groups of workers gave their crystalline compounds 
different terms The confusion arising from this is gradually 

* Dunng the past few years excellent reviews of the chemistry and 
physiology of adrenal cortical 1 ormones hav e been prepared by Ataman 
ana Duller (101) Wit terstemer and Smith (J5*>) M escher(KMB) and 
}• vans (41} trb/ it? m tl e Lo!d Spring Harbor Symposium on hormone* m 
1937 (06) tl ere is adequate and detailed presentation of the different 
viewpoints by tl e protagonists themselves with illuminating discuss ons 
To avoid an exhausting list of references advantage will be taken of the 
bibliographies of tl e rev lews and references to these will include references 
to theit bibliographies 
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bong clanged All these compounds are sterol derivatives 
and can be regarded as derived from cholesterol 

The follow ing is a partial list of those possessing cortm like 
activity 

Prcgncne 11 17 21 tnol 3 20 dione (C 21 II 30 O s ) Iteicbstem s 
compound M and probablj identical with Kendalls compound 
I has about half the activity of corticosterone 

Pregncne 11 21-dio! 3 20 dione {C, 1 H 30 O < ) corticosterone 
(originalh termed bj Rcichstcin compound II) is Ivcndall s 
compound R 

Desoxycorticosterone (C.iH, # O s ) was first prepared sjnthetic 
ally by Ilcichstem but has now been obtained bj him from the 
adrenal cortex It is said to be much more potent than 
corticosterone 

Dehjdrocorticosterone (C 21 U 28 0j) prcgnenc 21 ol 3 11 
20 tnone according to Kendall has some ph> siological activity 

In addition Reichstein (112) has isolated androstene 3 tl , 
17 tnone and has shown that it has androgenic activity 
causing comb growth in capons (cf p 203) he has named it 
adrenosterone 

The formulae of some of these compounds are shown below 
with that of progesterone to stress their relationship with the 
sex hormones The> should also be compared with the 
formulae of the latter shown on pp 205 206 
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The relative activity of such compounds is not jet clearly 
determined since different laboratories use different biological 
tests some of which are perhaps open to criticism (cf p 211) 
Nor is it jet certain that an\ of the crjstalhne compounds jet 
isolated is responsible for the full activitj of the hormone or 
hormones of the adrenal cortex 
Grollman claims to have prepared a crjstalhne compound 
not jet completelj characterized which is much more active 
than corticosterone (66) 1 

It has been shown that esters of desow corticosterone with 
the lower fattj acids increase its potenc\ but not the duration 
of its effect , its palmitic acid ester prolongs the effect of a 
single injection for more than three weeks (104a) 

Functions of the Adrenal Cortex There are at present 
numerous theories concerning the function or functions of the 
adrenal cortex These are not independent of one another but 
differ chief! j in their conceptions of what should be regarded as 
the primarj function and what are secondarj effects dependent 
on that function The principal protagonists of each theory do 
not appear to line modified their Mew s during the past several 
years but each is contmuallj presenting fresh evidence in 
favour of his own \ lew so that the subject is becoming increas 
inglj a matter of argument Until the actual hormone or 
hormones have been defimtelj established and it or their 
primary phjsiological function determined it is unhkelv that 
anj final decision can be made 

A clue to the function of the hormones of the cortical tissue 
perhaps lies m the sequence of events following production 
of an experimental deficiencv The effects of such deficiency 
hav e been fairlj thoroughlj studied not onlj in the defieiencj 

1 Hartman has succeeded b> prolonged fractionations of alcoholic 
extracts of adrenal cortex material between water and ether in separating 
cortm (which passes into the ether) and what he terms the sodium 
factor Cortm free from the sodium factor maintains the health of 
adrenalectomized animals whle the sod um factor is respons ble for 
sodium retention and has a potency of the same order of magnitude as 
desoxvcort eostcrone The sodium factor is present in both medulla and 
cortex (fk>A) 

Repeated injections of adrenal cortical extracts into normal animals 
whether intrai enously or intrapentoneallj gradually produce less and less 
effect The refractoriness so dev eloped is due to the sodium factor and is 
apparently on immune reaction (6a v) 
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immediately following double adrenalectomj but also m tl c 
controlled dcficicnc} which ensues when cortical extracts are 
withheld from previous!} balanced adrenalcctonuzed animals 
(cf 93 158) 

In the dog for example within a few daj s after adrcnalee 
tomjr or after cessation of maintenance treatment the following 
events occur increased excretion of sodium and of chloride 
accompanied by decreased blood plasma sodium and chloride 
or bicarbonate or both increased plasma potassium increased 
blood urea and non protein nitrogen and a slight increase of 
plasma protein some degree of hypoglycaemia decreased 
plasma volume (to an anlijdraemia) accompanied by dehjdra 
tion and decreased rate of blood flow loss of appetite refusal 
of food and loss of body weight fall of blood press ire drop 
of body temperature muscular weakness death Man} of 
these changes are obviouslj dependent on others preceding 
them The interdependence of se\ eral for example those 
concerning sodium and potassium is so close as to render the 
determination of the initial change most difficult and it is 
therefore possible to argue ver> logically that an} one of 
several different initial changes can set up the whole s> ndronie 

Swingle stresses tlje anhydraemia and therefore believes that 
the primary function of the cortical hormone is to control blood 
volume Loeb Harrop and others stress the excretion of 
sodium and consider that the hormone essentiall} controls 
sodium metabolism 7wemer stresses the increase of blood 
potassium and believes this precedes and causes sodium loss 
he believes the primary function is control of tissue potassium 
Hartman views maintenance of elcctrol}te balance as the 
important function Britton stresses the hypoglycaemia and 
considers that all the other changes are secondary to interference 
w ith carbohydrate metabolism control of which is the primary 
function of the cortical hormone ^ erzdr suggests that the 
hormone is essential for phosphorylation of carboh}drate 
compounds and particularly of vitamin B t so that in its 
absence this flavine cannot form the yellow ferment 
essential for so many important oxidation reduction processes 
Jimenez Diaz believes that the essential function is control of 
the kidney and that loss of function leads to loss of the kidne} s 
power to form ammonia whence the loss of power to retain 
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sodium this setting in tram the other changes (Cf 101 155 
43) 

It is possible that ultimately it will be found that the function 
of the cortin like hormone of the adrenal cortex is the 
control of some essential reaction rather than specifically the 
metabolism of sodium or potassium or carbohydrate or 
something else From this point of v lew "\ erzar s h> pothesis 
is most interesting and it is important to note that Pijoan and 
Oberg has e recently confirmed his finding that adrenalectomized 
animals can be maintained m health by administration of 
flavine phosphate but that ‘cortin cannot maintain the life 
of the adrenalectomized rat fed on a diet freed from \ ltanun 
Bj (43) 

It is now certain that the adrenal cortex in addition to 
producing one or more hormones with cortin like action also 
produces others whose properties resemble those of the sex 
hormones (one being identical with the hormone of the corpus 
luteum) In addition it has been proved that this sex hormone 
can function in place of cortin 

Injection of pituitary extracts and of A P L (cf p 261) has 
prolonged the lives of adrenalectomized cats (Swingle) while 
rat pituitary implants somewhat prolong the lives of adren-dec 
tomized female rats (Fmery and Schwabe Cavanaugh and 
Gaunt) Since ovariectomy prevents this effect on rats it must 
be produced through stimulation of the gonads and thus through 
the sex hormones (101 155) 

Thorn and Ilarrop and Thom and Fngle showed that the 
sex hormones oestradiol progesterone and testosterone w hen 
injected into normal dogs diminish excretion of sodium and 
chloride through the kidney s and increase potassium excretion 
since sodium therapy ameliorates adrenal deficiency (see below) 
it might seem that beneficial effects of the sex hormones on 
adrenalectomized animals were only indirect produced through 
conservation of sodium 

"Nevertheless it has been shown conclusively by a number of 
different inv estigators that cry stalhne progesterone w ill prolong 
the fives of adrenalectomized rats ferrets and dogs (48 143 
55) 1 mg per day usually suffices for female rats (12 oa ) It 

should be remembered that desoxy corticosterone is 21 hy droxy 
progesterone so that it is scarcely surprising that progesterone 
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itself has recently been isolated from extracts of ox cortical 
tissue (7) , thus this progestational hormone of the corpus 
lutcum is also a hormone of the adrenal cortex 

On the other hand there are numerous evidences of the 
control of gonadal functions by the adrenal cortex Adrenatec 
tomy produces in male rats loss of libido and potency and 
degeneration of the seminiferous tubules (19) and in the 
majority of female rats suppression of the oestrous cycle and 
atrophy of the ovaries (103 27) which can be restored by 
liomotransplants of adrenal cortex (103) or injection of cortical 
extracts (1C8 14) 

In Addison s disease a disease due to cortical deficiency 
(see p 219) amenorrhoen absence of libido impotence and 
atrophy of the testes may occur while treatment with potent 
cortical extracts tends to restore normal sex function (120 129) 
Conclusions drawn from early experiments in which animals 
were given large doses of cortical extracts were conflicting as 
far as the sex glands were concerned Hecent work has given 
more definite results Extracts has e been prepared from horse 
ox and kangaroo adrenals which exhibit progestational and 
oestrogenic activity (Callow and Parkes Allen and Bourne and 
others cf 101 153) This is no longer surprising now that 
progesterone his been isolated from adrenal cortex but in 
addition crystalline desoxy corticosterone has been shown to 
produce progestational proliferation in the endometrium of the 
uteri of immature rabbits and has weight for weight between 
10 and 15 per cent of the activity of progesterone (145) 

Reichsteins compound adrenoslerone has been referred to 
This it will be remembered has activities which link it with 
the male sex hormone and not w ith progesterone Its structure 
is very similar to that of testosterone (cf p .68) 

Hoffmann (cf 155) claims to have prepared from the 
adrenals a gonadotrophic hormone which unlike the pituitary 
gonadotrophic hormones is non protein while it is not soluble 
in lipide solvents Injections are said to produce increase of 
weight of tl e rat ovan follicular stimulation luteinization 
etc 

Further information concerning potential hormones from the 
adrenal with gonads} actn ity js being obtained b> studies of 
the urine of women exhibiting the vinhsm syndrome usually 
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associated with adrenal cortical tumours (cf p 228) Cahill 
ei at (21) showed that m several of such cases large amounts of 
an oestrogenic hormone were excreted Callow (22) isolated a 
relatively large amount of dehydro isoandrosterone (an 
androgenic compound) from the urme of a young girl with 
virilism and an adrenal tumour Burrows Cook and Warren (19) 
isolated the weakly androgenic androstadiene 17 one from 
the urme of a male patient with an adrenal tumour and 
exhibiting feminism 

Butler and Marrian (20) isolated pregnane 3 17 20 triol from 
the urine of two women exhibiting virilism It disappeared 
from the urme after removal of an enlarged adrenal it is not a 
normal urinary constituent The same mv estigators working 
with concentrated extracts of women with \irilism and adrenal 
tumours have obtained several crystalline compounds mclud 
ing the pregnane triol just mentioned (which apparentlv is 
inert) and the androgenic compound isoandrosterone (3 
hydroxyetioallocholane 17 one) 



Pregnane 3 17 * > 0 trial Isoandrosterone 


While there can be little doubt that the formation of these 
compounds is associated with the abnormal adrenal condition 
(usually a cortical tumour) jet it would be wrong until they 
have been isolated from cortical tissue to claim that they are 
actually produced in that tissue They might w ell be excretory 
products bearing a similar relationship to an adrenal precursor 
to that which pregnanediol does to progesterone (cf p 271) 
While in at least one case of v irdism the tumour tissue has 
been shown to be entirely or partially deficient in cortin like 
activity y et Anderson and Hay maker hav e prepared extracts 
from the blood and urine of patients w ith Cushing s sy ndrome 
(cf pp 229 362) w hich prolonged the liv es of adrenalectomized 
rats and which therefore were apparently rich m cortin (43) 
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It is obvious tliat at the present time no simple statement 
concerning the hormones of the adrenal cortex and their 
functions is possible Two hormones, or tw o senes of hormones 
are undoubtedly produced, one with cortin like action the other 
with gonadal properties Each seems to possess some of the 
ph} siological activ itj tjpical of the other, due undoubted!) 
to their close chemical relationship Lach i s quite probablj 
com ertiblc to the other in cortical tissue 

Certain experimental data led to theories that the adrenal cortex 
eliboratcd hormones other than cortin which were primarily 
concerned with lactation (cortdactin) and with blood pressure 
(cortipressin) (18 01) The majontj of investigators appear to 
disagree witli these % lews (cf 47 60) 

Selye s Theory of an Alarm Hear lion During the last three years 
Selye has published a large number of papers concerning what he 
has termed the alarm reaction (1J6) He has observed in 
experiments chiefly on the rat that if the organism is subjected 
to an unusual and severe but non specific stimulus (such as continued 
exposure to temperatures just above freering point handling of the 
intestine or poisoning with sub lethal doses of such compounds as 
atropine or morphine) a general adaptation syndrome develops, 
which can be divided into two or three stages 
Between the sixth and twenty fourth hour after application of 
such a stimulus there is rapid involution of the thymus and Ivmpli 
glands spleen and liver loss of cortical Itpides and chromophile 
substance from the adrenals accumulation of transudates in pleura 
and peritoneum decrease of muscular tone drop of bod) tempera 
ture and ulcer formation in the digestive tract Urine output is 
decreased and hvpoglycaemia and hypochloraemia appear 

Subsequent!) the adrenal cortex enlarges regaining Iipide 
granules and the medullary chromophile cells lecome distended 
with vacuoles Blood sugar and chloride return to normal vnlues 
Later on the gonads become atrophic dcgranulated basophtle cells 
appear m the anterior pituitary the thyroid tends to hecome 
hyperplastic and secretion of milk ceases in the lactnting animal 
Under continuous stimulation if the stimulus l>e not too severe 
the experimental animal builds up a resistance so that ultimatel) 
the appearance and functioas of the organs return practical!) to 
normal But with still further treatment after from one to three 
months the animal loses this resistance hvpogl) eaemia and hypo 
chloraemm return and the animal finally succumbs in a stage of 
exhaustion 

Selye considers that much of the response to tl e stimulus is due 
to liberation from the different tissues of relatively large quantities 
of histamine or of something with histamine like action (Kendall and 
Ingle disagree with this view, ef 155) 
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Adrenalectomy sensitizes the rot to such stimuli (and to the action 
of histamine) but prevents thymus and lymph gland involution 
(unless the animals are dosed with sodium chloride) Apparently 
the effect on the thymus is not due to adrenuie nor to ‘ cortm , 
though removal of the adrenal medullas (leasing functioning cortex) 
prevents thymus involution 

Gradually increasing dosage of one stimulus to a point where large 
dosage will no longer cause thymus involution does not prevent a 
second different stimulus from causing a severe thymus effect 

At present Selye’s experiments, however interesting seem 
insufficient to render his conclusions convincing His experimental 
procedures are too far removed from normal degrees of dangerous 
stimuli to permit deductions as to normal mechanisms There is, 
however, some evidence that in various clinical states (even influenza) 
there is an increased (and detectable) output of the cortical hormone 
in the urine, which does lend some support to the view that increased 
activity of the adrenal cortex forms part of the protective mechanism 
of the organism (149a) 

The Adrenalectomized Animal and Salt Therapy The view 
that adrenal cortical function is concerned w ith mineral 
metabolism and especially that of sodium is greatlv strengthened 
by the results following the administration of sodium salts to 
animals in a condition of cortical deficiency It is w ell recognized 
that the lives of such adrenalectomized animals can be prolonged 
by daily injections of sodium chloride solution (cf 158) and 
recently Kendall has claimed (79 80) that adrenalectomized 
dogs may be maintained m normal condition by continued 
administration of sodium chloride, plus sodium citrate or 
carbonate, without oortin and if the potassium intake be kept 
low, such animals can even be carried through a reproductive 
cycle without cortm (They are peculiarly sensitive to 
potassium salts which precipitate a crisis ) They cannot be 
maintained mdeflnitelv on sodium chloride alone 

Hypo-Corhco-Adrenalism and Addison’s Disease 

Two classical studies of Addison s disease liav e been 
presented, that of Thomas Addison himself in 1855 and the 
monograph of Rowntree and Snell published in 1931 (120) It 
is significant that the latter not only reproduce Addison's 
original paper in their monograph, but, m agreement with all 
other recent writers on this subject, confess their inability to 
better his description materially. Any discussion of Addison’s 
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disease in the near future must largely refer to their monograph 
Its clinical conclusions are based on n stud) of 115 cases in 
which a positive diagnosis of the disease Mas made In 
thirty three of these the diagnosis Mas confirmed at necrops) 
Signs and Symptoms Addison wrote 1 he leading and 
characteristic features of the morbid state to which I would 
direct attention are anaemia general languor and debility 
remarkable feebleness of the heart s action irritability of the 
stomach and a peculiar change m the colour of the skin 
Rowntree and Snell write Little of importance has been 
added m the years that have intervened except recognition 
and appreciation of loss of weight and decrease in blood 
pressure The onset is usually but not inv anably it stdious 
this is especially true of tuberculous patients A respiratorv 
infection often diagnosed as influenza may mark the beginning 
of the illness Rowntree and Snell suggest that this mav not be 
influenza at all but an acute initial phase of Addison s disease 
The duration of the disease is usually between six months 
and two years Lippmann has recorded a case with symptoms 
lasting only eighteen days Chrome cases may persist several 
years The patients are invalids throughout the course of the 
disease fen can he rehabilitated to JO per cent of their former 
working capacity Iso definite cure has been produced 

Subjective and objective asthenia mental as well as physical 
is a cardinal symptorti and often the first to appear It 
fluctuates being worse after periods of physical or mental 
activity There is marked lack of resistance to infection 
exposure stress and drugs Many of the symptoms and 
complications of the disease are secondary to that remarkable 
feeb eness of the heart s action which Addison stresses with 
the resultant hypotension and poor circulation 

Anorexia nausea and vomiting gaseous distension and 
occasional periods of intense diarrhoea (although there is ft 
greater tendency to constipation) are among the gastro 
intestinal manifestations Stomach and intestinal ulceration 
is often found just as in adrenalectonuzed animals (cf p 200 ) 
There is occasionally frank haemorrhage Ilypochlorhvdria is 
common achylia frequent These digestive disturbances are 
responsible for the marked loss of weight which averages 30 lb 
^Diere is no noticeable emaciation Muscular tissue atrophies 
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The acquisition of skin pigmentation is the most striking 
MSible sign, although not constant The colour \aries from 
negroid to amber and blue gray , the depth of colour varies 
still more The hands and arms face and neck and areas 
subjected to pressure or friction are especially affected Areas 
normally pigmented ha\e the pigmentation accentuated The 
colour of the hair often darkens The lips are usually dark, 
and dirk patches are seen in the mucous membranes of the 
mouth Jet black freckles are common (Racial pigmentation 
must be excluded ) 

Course of the Disease It usually progresses steadily but 
striking remissions and exacerbations may occur, and even 
sudden death Hypotension and gastrointestinal symptoms 
are pronounced in crises tn such crises the blood volume 
is often markedly decreased the blood js thick and -viscid, and 
there are clinical evidences of dehydration Death may 
occur in such crises 

Failure may be gradual with increasing asthenia to complete 
exhaustion, or termination may be characterized b\ persistent 
nausea and vomiting and cerebral symptoms or there may be 
sudden collapse after exercise or during a mild infection “ The 
manner of death is not greatly different in manv cases from 
that seen m the experimental animal after suprarenalectomy * 
In at least some cases the patient dies in hypogly caemic 
coma (3, 151) 

Etiology and Related Factors The disease is commoner 
in men, and commonest between the ages of thirty and fifty 
years Tuberculosis and atrophy of the adrenals are responsible 
for the majority of cases Syphilis, according to W arthin, is a 
frequent cause of the atrophy A case of amyloidosis of the 
adrenals, associated w ith tuberculosis of other tissues has been 
reported (104) Carcinoma does not seem to be a cause 
Maranon (102) thinks that there may be a racial factor, and 
that the disease is relatively commoner in Spain 

Diagnostic Tests By withdrawing salt from the diet of 
patients suspected of suffering from Addison’s disease (and 
in absence of pigmentation nr with dark comptexmned patients, 
diagnosis is sometimes difficult) it is possible to produce 
symptoms of crisis This provocative test obviously should 
only be employed in hospitals, and when a supply of a known 
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active preparation of cortin is av ailable (135) A positn e result 
may not be shown for three or four day s (108) 

Another test for which claims has e been made is the administration 
of n special diet for three day s, containing 0 03 gram of chloride ion, 

0 3 gram of sodium, and 4 1 gram of potassium, with, in addition 
the administration of OOU gram of potassium (as citrate) per 
kilogram on the afternoon of the first and again on the morning of 
the second da) If the concentration of chloride cldonne in the 
mormng specimen of urine on the third day exceeds 225 mg per 
cent , adrenal Insufficiency is probable , if it is less than 125 mg per 
cent , adrenal insufficiency is unlikely (38) (The only trial or this 
test which I have seen gave figures midway between these limits ) 

Laboratory and Clinical Data. Rowntree and Snell's stud) 
presents the most accurate and complete series of data In 
uncomplicated cases the bod> temperature is usually decreased 
(07° to 08° F ) in keeping with the lowered rate of metabolism , 
it docs not fluctuate markedly In presence of active 
tuberculosis the temperature niaj be above normal There 
may be a considerable rise in temperature two or three days 
before death Respiration is usuall) normal, hut becomes 
markedl) irregular m crises and in the advanced stages of the 
disease Air hunger may be complained of, and sighing 
respiration sometimes dev elops 

The urine volume remains at low normal except m advanced 
stages, when it is markedl) diminished Its specific gravit) 
tends to be low, and, in late stages, to be fixed between 

1 008 and 1 012 Albuminuria m traces ot larger amounts is 
frequent, but glycosuria is not found m uncomplicated cases 
Hyaline and granular casts are common, but pus cells and 
crytheoc) tes, when present, are usuall) due to concomitant 
tuberculous lesions in the kidney or urethra Crcatinuria is 
not uncommon, but since it is usuall) present in conditions 
involv ing muscular atrophy, it is 6f no special significance 

Renal insufficiency, partly due to circulatory asthenia, is 
often present in crises and in the terminal stages Nephrosis 
and tubular atrophy are frequently seen at autopsy Of the 
blood constituents sulphates increase in crises Blood sugar 
tends to low normal values Achlorhydria is frequent, 
hypocHorhydna the rule The basal metabolic rate Calls 
when there are marked nausea and vomiting, and in crises; 



ADDISON'S DISEASE 223 

such decrease is probably due to partial starvation The rate 
is usually w ithm normal limits 
The lowered sodium and chloride content of the blood 
which follows adrenalectomy is also found m severe Addison’s 
disease (89) GI\ cogen formation is interfered with, both 

from glucose and laetic acid adrenine only slightly mobilizes 
liver glycogen Creatmuria is present (142) A deficiency of 
vitamin C may be present (153) 

Treatment of the Disease The history of this treatment 
falls naturally into two parts — before, and after the preparation 
of active extracts of the adrenal cortex During the earlier 
period treatment could only be palhativ e somew hat postponing 
death During the second, the present period it is possible to 
aim higher, and v\ e may hope that cortical replacement therapy 
may become as successful as insulin therapy has in diabetes 
melhtus W e are y et far from such achiev ement 

Where the underlying cause of the adrenal lesion is known 
(tuberculosis or syphilis) its own special treatment should 
if possible, be instituted For the general care of the patient 
Rowntrce and Snells monograph should be consulted Thev 
stress the value of rest, relaxation and freedom from work 
during the earlv and progressive stages In crises adrenine 
has been given to the point of tolerance and 10 per cent 
glucose and 0 9 per cent saline mtrav enously 

The Wmrhead regime was commenced by Dr A L Wuirliead 
on himself in 1920 The results were so beneficial that it has 
been used in fifty sev en of the eases of Row ntree and Snell Of 
these thirty two were benefited, and in twenty the immediate 
results were excellent Some were rehabilitated for mam 
months, and ten for periods of from three to sev en y ears 
Adrenal gland was taken by mouth and adrenine injected 
to the limit of tolerance \\ e now know the adrenal cortical 
hormone produces its effect when taken orally 1 

Effects of Cortin and Salt Therapy Good results have been 
obtained following administration of any of the actne prepara 

1 Jlow ntree lias recently reported that of three imjd eases ditxng back 
to this penod one died after eighteen vears of the disease another who 
has exhibited it for fifteen years is still alive and in the third who 
developed it seventeen years ago the disease seems to have cleared up 
completely, although only earlier types of therapv were employed (118 a) 
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tions of cortin Those of Rogoff and Stew art for interrcnahn 
(115) of Hartman (64) and others with 1 s preparation of 
cortin ami < f Rowntree and ( rccn ( 1 « 0 ) and others with that 
of Swingle and Pfiflher ma> be cited 
Provided treatment with active preparations of cortin 
be instituted before a moribund condition is reached and 
sulhcient extract is available for niassrv e doses w hen necessary 
favourable results are to be expected Host patients show a 
striking response within twentj four to sevent) two hours 
Nausea and vomiting stop \ppctite reappears There is gam 
m weight and strength The pigmentation appears to decrease 
The patient regains a sense of both physical and mental vigour 
and well being The blood pressure may increase slightly but 
this is for the most part a response to increased actn it) and 
not i specific effect of cortm 

Since a course of treatment frequently consists of the 
administration of 40 to 60 c c (spread ov er four to ten dajs) 
of an extract of which 1 c c represents <S 0 grams of adrenal 
cortex (the entire supply from two steers) it is obv ous that 
such dosages suggest that a relativel) enormous amount of 
cortm is requisite 'iet as Rowntree points out It must 
be remembered that the amount of active material present 
in the excised suprarenal gland bears no definite relationship 
to the total normal dad) output of the activel) secreting 
gland 

Intravenous injection is recommended Intramuscular 
injection is well borne b) some proportion of patients but 
subcutaneous injection is too irritating tanous commercial 
preparations are now’ a\atlable 

The patients are subjectively often so improved that the) 
wish to return to work Thev are more resistant to infection 
the effects of drugs etc and it ma) well be expected when 
adequate quantities of the cheaper (s) nthetized) hormone are 
available that ultimately patients whose treatment is com 
menced sufficient!) early may be maintained for man) )ears in 
normal health and working capacit) 

A case of the disease has been successful!) carried through 
pregnane) b) combined oral and injection administration of 
the extract (109) 

Knowledge that adrenalectom) affects sodium metabolism 
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not only explains the good results following intravenous 
administration of saline in Addison’s disease, but has also led 
to more definite therapy Good results are obtained, at least 
for a time, by treating cases with high salt diet and specific 
addition of sodium chloride (up to 10 grams daily) (91, 61) 
Some proportion of patients respond well to administration of 
sodium chloride (or of sodium chloride combined with other 
sodium salts such as the citrate (61, 135), with little or no 
cortin The larger proportion require cortin as well, espectalU 
in crises 

Within recent years, and especially since the promulgation 
of theories that the adrenal hormone controls potassium, 
rather than sodium metabolism stress has been laid on diets 
poor in potassium Wilder (152) has pointed out that m 
considering such dietan treatment the relationship between 
the potassium and sodium intake needs to be estimated The 
average diet contains about 4 grams of potassium per day, 
and the patient with Addison's disease needs, to offset this 
amount, about 18 grams of sodium chloride and 5 grams of 
sodium citrate If the potassium intake is diminished to 
1 6 grams daily , the sodium requirement is much lessened, but 
diets so deficient in potassium will also be deficient in calcium, 
phosphorus, and the utamm B complex, which will have to be 
added Wilkinson and Hmisw ortb, while agreeing that high 
potassium intake is dangerous, do not believe it necessary to 
strive after diets containing such small amounts of potassium, 
and so deficient m other requirements (132) 

Some idea of present attainment in the treatment of Addison’s 
disease is giv en by Greene’s critical appraisement of the results 
with 34 cases treated between 1930 and 1937, with active 
“ cortin ” extracts and salt therapy (54) He considered that 
only m 11 of the 34 cases had there been a definite marked 
prolongation of life due to the treatment, while only 4 were 
still alive when he reported Wilkinson has reported slightly 
better results (132) The variation in results in different clinics 
is undoubtedly in part due to the extract used and to the 
frequently doubtful value of commercial extracts (92, 116, 59) 

But, as an example of what can be done in the treatment of 
Addison’s disease, a quotation from Himsworth is illuminat- 
ing (132) A man of thirty four, with a history of acute 

S.I *^uoc 8 
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disease for two 5 cars and presenting an exccptminlly se\crc 
condition needs 25 c e of cortin (as organon ) and 20 grams 
of sodium chloride daily to maintain him * Hut on such a 
dose for the last eighteen months he has been remarkably well 
He can drive 200 miles a day by car in Switzerland he was able 
to ski and climb 3 000 feet up an easy mountain and he has 
recently held a responsible if not arduous post of dailv routine 
work His clinical condition is not however uniformh stable 
at this relatively high level and is always liable to remission 
as a result of nuld infections On the whole he is capable of 
living a quiet life and Ins appetite is sufficiently good to permit 
hun indulging an interest m the table This patient has found 
that Ins own subjective feelings of health are better guides to 
treatment than a knowledge of the behaviour of his blood 
electrolytes If his appetite is not good he increases the dose 
of eortm when he feels well again he gradually reduces the 
dose to his usual level of 2o c c 

Desoxycorticone Acetate Therapy Since the synthesis of 
desoxy corticone it lias been used successfully in treatment of 
Addison s disease a result which is understandable now that 
it has been isolated from the gland and therefore is after all a 
natural hormone (As judged by rat tests it seems one of the 
most powerful hormones of the adrenal cortex ) 

A recent Symposium of the Royal Society of Medicine (132) 
gives an interesting account of its successful employment as 
contrasted and associated with eortm extracts and salt therapy 
It is injected in solution in nrachis or sesame oil mtramuscularh 
in dosage of 5 mg per c c 

It seems to be agreed that it is definitely beneficial though 
in crises intravenous cortin may also be necessary to supply 
other factors from the gland It can at least replace eortm in 
considerable degree and 5 mg is probably equal to 15 to 30 c c 
of commercial preparations (such as organon ) It obv louslv 
has the great adv antnge of lessened cost to the patient 

An interesting development is the insertion of tablets of the 
compound m subcutaneous tissue A tablet of 50 nig was so 
inserted into one of Simpson s patients and produced a 
maximum effect for a period of two months (132) 

The Relation of Addison s Disease to Hypo-cortico adrenalism 
That deficiency of the adrenal cortical principle is primarily 
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responsible for most of the s\ mptoms of Addison s disease is 
obv ious -when the conditions exhibited in the disease are 
compared with those following double adrenalectomy in 
animals and when it is remembered that destruction of the 
medullas has no significant sequence It seems logical to 
conclude that administration of adrenme in Addison s disease 
is unnecessart therapy 

The asthenia and the lowering of blood pressure in Addison s 
disease are due to deficiency of the cortical principle (cf 
pp 204 214). The pigmentation is not mv ariably present and 
is not paralleled m adrenalectomized animals 

It is not yet certain that Addison s disease can be regarded 
as purely and simply hypo cortico adrenalism Results obtained 
with adrenalectomized animals are not entirely paralleled by 
those on cases of the disease 

Other Conditions possibly Associated with Hypofunction of 
the Adrenal Cortex These may be sufficiently dealt with at 
present by a quotation from Lawrence and Rowe (87) 

* Contrary to the relative frequency with which pituitary 
thyroid and ovarian disorders are encountered demonstrable 
adrenal disease seems to be of rare occurrence The 
intrinsic association of lowered adrenal activity with the 
Addisonian syndrome may be regarded as definitely established 
A similar authoritv does not obtain for that other type of 
adrenal failure which is assumed to result from a lowered 
functional activ ity and to be unassociated with gross 
anatomical changes in the gland This sy ndrome possessing 
many of the characteristics of Addison s disease such as 
asthenia hypotension and usually emaciation has been m 
large measure developed by the work of the French clinicians 
(it) more nearly equates with the picture of adrenal 
insufficiency as produced in numberless animal experiments 
involving interference but not complete extirpation A 

third type of failure chiefly associated with suprarenal 
haemorrhage is an acute condition usually terminating fatally 
in a few da\ s 

Use of Active Extracts of the Cortex in Other Conditions 

The extract has been tested on normal persons psychical effects 
being ruled out by occasional control doses of saline or brain tissue 

8—1 



228 THE ADRENAL GLANDS 

extract It seems to produce a capacity for increased effort a 
certain composure of the nenous system and a sense of increased 
well being Menstruation 13 sometimes brought on at a slightly 
earlier period (64) 

Some proportion of cases of asthenia are benefited (04 UP) 
perhaps indicating In these a miid adrenal cortical deficiency Such 
cases show a deficient storage of \ itamin C Their blood pressure 
changes parallel their unprosement and the intensity of the 
therapy (5*1) 

Statements regarding hyperthyroid conditions are not m complete 
agreement although apparently in some cases benefit follows 
injection of the extract (04 110 78 ISO) (Cortin counteracts the 
action of thvroxine on guinea pigs (10") ) 

On the ground that Paget s disease is an entity representing 
disturbance of bone metabolism through imbalance between the 
parathyroid glands and adrenal cortex (there being excessisc 
function of the former) Herman administered a crude extract of the 
cortex along with high calcium diet to 18 patients and claims 
licnefit in 1 0 of t hem (8 ) Still more empirical is the use of desiccated 
adrenal cortex orally in 0 cases of xomiting of pregnancy good 
results were claimed (77) 


Hyper-Corttco-Adrenalism 

Some clue to the nature of the disease syndrome which 
will result from hyperfunction of the adrenal cortex should 
be obtainable by careful studies of the effects following 
administration of heavy and continuous doses of actne cortical 
preparations to normal animals Ilowexer Swingle and 
Pfiffner has e been unable to detect any toxic reactions or 
oserdosage phenomena following administration of huge doses 
of actne extract to cats and dogs (140) but the possibility of 
insufficient period of treatment cannot be excluded 

Adrenal Cortical Tumours Adrenal hyperplasia in foetal life 
has been suggested as the cause of pseudo hermaphroditism, 
but, although it is admitted that such hyperplasia is frequently 
found at autopsy the role of the adrenal in this condition is 
still uncertain (51) There is a possibility that the syndrome 
now to be dealt with can also develop cxen during foetal life 
(cf 74) The frequent finding of benign or malignant tumours 
of the adrenal cortex in cases of virilism and of pubertas 
prnecox drew attention to the possibility that the tumours 
might be causntn e factors and the hypothesis w as strengthened 
by the beneficial results following remoxal of the tumour m a 
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number of cases Articles by Hoskins (44) and Goldzieher (51), 
and more rccentlj b} Cecil (28) bj Simpson Kohn Spejer and 
Korenschcv sk} (130) and by Cahill (21) permit some degree of 
classification of the possible effects of such tumours The 
subject has attained added importance m connection with the 
recent pituitarj sjndrome described b\ Cushing (cf Chapter 

\ni) 

The effects produced bj most cortical tumours are positive 
m kind, suggesting an o\ er production rather than an under 
production of some hormone The nature of these effects 
v aries w ith age and sex 

In joung and adolescent boys what may be termed — after 
Cecil — the “ herculean *’ type results There is precocious 
growth earlv muscular development earl} ossification, and 
earl} dentition Hair appears early on pubis face and bod} 
The skin is rough, and acne common The external genitalia 
enlarge to adult size If the tumour develops after puberty 
this precocious ‘ maleness ” is impossible In most of these 
cases, with a benign or slow growing malignant tumour, the 
result is premature senility and earl} death 

Itarclj, m adult males the de\elopment is towards the 
female type The breasts in these rare cases enlarge and 
even secrete milk the testes atrophv, there is loss of libido and 
development of the female type of obesity (88) Operation 
and removal of the tumour m such a case can result in return 
to normal (68) 

In the female the predominating change is towards maleness 
If the tumour occurs before puberty, whether it be an adenoma 
or a slow growing malignant tumour marked changes towards 
the adult type occur The girl becomes fat She seldom shows 
unusual muscular development Hair appears earl} on the 
pubis and sometimes on the face The skin is red coarse and 
dr} , and acne is common The vocal cords are enlarged , the 
voice becomes coarse and uglv Ossification and dentition 
ma> be hastened The child s mentality is usuall} normal 

The clitoris enlarges to the size of the penis The labia 
majors are enlarged and coiered with hair But the internal 
genital organs maj be smaller than usual Menstruation does 
not usuall} begin at the age of puberty (But Kepler (81a) 
has reported a case of menstruation in a nineteen month old 
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girl, in whom, at operation, a tumour of the left adrenal cortex 
was found ) 

When tumour growth commences after puberty the changes 
arc of a corresponding nature Menstruation ceases — this is 
usually the first symptom noticed There is loss of sexual 
desire and often of the normal female modest \ Occasionalh 
the patient becomes attracted towards those of her own sex 
Hirsutism appears The pubic hair takes on mule distribution 




1 10 27 Tumour of the adrenal cortex in a g rl of nine years of 
ige V Photograph taken fourteen days after remoi al of the 
tumour before any external changes had occurred U Taken 
four months later For details see text (Trom Kepler 
Kennedy Das Is Walters and Wilder Proc Staff Meeting* 
Maijo Clime 1011 ix 169 and Annals of burger j 1034 ) 

Hair appears on the face and later on legs arms abdomen 
chest and back The hair of the head becomes coarse and dry 
The general distribution tecil points out is much more profuse 
than that occurring in most men The skin is tciI ot brown 
and dry Acne ts frequent Pigmentation (unlike that in 
Addison s disease) can occur Striae atropine ae appear on 
abdomen hips and thighs The 'oiee becomes masculine 
Clitoris and labia enlarge The utenis and o\ aries may 
atrophy The breasts dimmish in size The obesity is striking, 
w ith distribution of fat on abdomen, chest buttocks and hips, 
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but not on arms and legs, and full and unsightly face (vv ith fat 
in the cheeks, under the chin and in the neck) 

Hypertension may be present, if it is, it is not of the 
paroxy smal type 

A third type exists, in which amenorrhoea is present, with 
obesity, hypertrichosis, diabetes and hypertension (28, 80, 144) 
Cecil believes that this syndrome is pluriglandular, and that 
the pituitary is involved However, cases undoubtedly occur 
exhibiting all these conditions, in which the pituitary is normal, 
as far as serial sections indicate 1 Yet, when control of the 
adrenal cortex by the pituitary is remembered (cf Chapter 
VIII), association of the pituitary cannot be excluded m any 
of these cases 

Surgical removal of such tumours has now been performed 
in manv cases, especially m girls and women The results at«c 
marked 

The hirsutism disappears (the loss of hair being largely at 
the menstrual periods) The clitoris, labia and breasts return 
to normal size, uterus and ovaries resume normal function 
within a few months The obesity disappears The masculine 
v oice persists longest 

Fig 27 represents the striking chance produced by removal of 
such a tumour from a patient in the Mayo Clinic (81) This patient 
commenced to show unusual development of breasts, generalized 
growth or hair, and deepening and coarsening of the voice at the age 
of four, with the usual subsequent developments Mentally’ she was 
normal She was operated on at nine years of age At that time 
her height was 4 feet 5 inches, withm normal limits, but her weight 
was 103 lb — 36 lb over weight The sella turcica was normal At 
operation the right adrenal was half the usual size, but the left was 
replaced by a large encapsulated cortical adenoma, 6 x 4 X 2 cm 

The first picture (Fig 27, A) was taken fourteen days after the 
operation, before any external changes had occurred Mithin a 
week of that time weight commenced to fall and hair commenced 
to disappear, and later the skin became smooth, the voice higher 
pitched and the external genitalia smaller \\hile previous to 
operation there had been menstrual spotting for a year at two-month 
intervals, subsequently there was none 

The second picture (Fjg 27, JB) was taken four months later 
The weight was now only 72 lb The body proportions were normal 

* Hunter s case (73) comes within this category (cf also 81), and that 
of Calder and Pono (21 A) is an excellent example 
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except for the I rcasts still somewhat of adult type and the external 
genitalia still large The appearance is more youthful though still 
much beyond her years 

As already stated in numerous recent autopsy reports tn 
the literature an adrenal cortical tumour was found in absence 
of a pituitary basophile tumour The evidence excluding 
pituitary influence in cases such as that just quoted is naturally 
not so final Net ertheless the astonishing change to normal 
or nearly normal following surgical removal of these tumours 
strongly suggests that the whole of the signs and symptoms in 
these cases can properly be referred to the adrenal tumour 

The importance of this point lies in the fact that the syndrome 
described by Cushing and associated by him with basophile 
tumours of the anterior pituitary m many respects closely 
resembles that resulting from cortical tumour {cf Chapter Mil 
p 362) The condition associated with the rare arrhenobhsto 
mata of the o\ary lias simdar features hut obesity is absent 
and differentiation is possible (cf p 300) 

Cecil stresses the necessity of considering whether the 
opposite adrenal is sufficiently normal to maintain life before 
remot mg the whole of the tumour The Mayo Clime o\ ercome 
possible transient deficiency by treatment with cortical extract 
for a while after operation 

\\ hether the tumour is associated with the right or with the 
left adrenal can sometimes be ascertained by injection of air 
and X ray examination (21 cf 29A) When ns with many 
of the adenocarcinomas found in these cases metastases develop 
(usually to the lungs) these also function m the same was 
and m several cases recurrence lias occurred after successful 
operation (21) 

A possible explanation of the marked sex changes resulting from 
such tumours is that perhaps they arise not from differentiated 
cortical tissue but from small islands of undifferentiated 
mesenchymal tissue related in origin to the sex glands and present 
In the normal adrenal in the region of the capsule (40 56) Whether 
this theory could be extended to explain a typical case in which the 
tumour originated m an accessory cortical body in the neighbourhood 
of the solar plexus (fit) is perl aps do ibtful Nor does it explain 
the differences in tl e syndromes associated respectively willi 
adrenal tumours and arrhenoblastomata of the ovary 

Broster and Vines (16) stress the frequent occurrence of virilism 
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without adrenal tumours and even without cortical hyperplasia, and 
claim good results by removal of the (larger) adrenal Broster has 
dealt with the surgical aspect (17) It seems, howev er, as with other 
endocrine glands, surgical decrease of hyperplastic tissue is seldom 
as successful as removal of a tumour. 

Vines has developed a differential stain — the Ponceau fuchsin 
stain — which he claims stains adrenal cortical cells in cases of 
virilism a vivid red, as contrasted with normal cells which take up 
the counter stain, aniline blue (cf 17) Cahill does not entirely 
confirm this statement (21) 

Adrenal Denervation 

The potential danger following surgical interference with the 
integrity of the adrenals (except in the presence of an adrenal 
neoplasm) is exemplified by the history of a case reported by 
Rogoff(117) The patient, a diabetic, was controlled fairly well 
by diet and insulin Becoming aware through the lay Press that 
certain surgeons were advocating denervation of the adrenals as 
relief or cure for diabetes and being assured by his ow n surgeon 
that no harm could come of it, he requested the treatment, and 
following denervation of both adrenals developed Addison’s 
disease rather rapidly , treatment for it was complicated by his 
diabetes, so that the disease rapidl/ had a fatal termination 

ItogofT points out that surgical procedure of this nature 
cannot be expected to be of permanent benefit, since denerv ation 
will usually be followed by regeneration of the nerves, while 
excision of one gland is usually followed by hypertrophy of the 
other (cf, however, Hartman (63) ), so that “ surgical interven- 
tion with the adrenals for v arious conditions — Hay naud s 
disease, spontaneous gangrene, hypertension, epilepsy, gastric 
ulcer, thyroid disease, diabetes and the like — is to be 
deprecated ” DeCourcy has presented the opposite v lew for 
cases of hypertension (40). 
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Introduction 

Evidence from earlier work on the thymus and pineal is 
confused and contradictor} Within the past few jears 
Row ntrec and his collaborators using extracts at first prepared 
bj Hanson have obtained a number of verj striking results 
which merit some detailed description although their interpreta 
Don is still incomplete and more confirmation from other 
laboratories is still needed 

rarlier II ork on the Thymus The thymus of most mammals 
is situated in the thorax b it in some species it is found in 
the neck and in some in both positions It is made up of 
several lobules each divisible into cortex and medulla W bile 
there is strong resemblance to the structure of lymphatic 
glands the medulla is character zed bj the presence of the 
peculiar concentric corpuscles of Hassall whose origin and 
function are not know n 

The th} mus seems to be relatively and absolutely largest 
during the period of the bodj s greatest growth at p iberty 
im olution commences and the gland graduallj atrophies 

Though the histological resemblance of the gland to Ij mphoid 
tissue suggested that it merely functions as a large mass of 
such tissue ( 27 ) yet an opinion has long 1 een held that its 
function is associated with the growth of the organism (II j 
The earlier literature has recently been reviewed bj Rowntree 
who gives an extensive bibliography (20 1 

The first definite advance towards proving the growth 
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hypothesis js due to Asher and his colleagues (2, 3), who 
succeeded m obtaining a concentrated extract, freed from 
protein and lipoid material, which appeared to accelerate 
growth in rats when given in daily dosage of 1 mg Asher 
considered that the extract contained the active principle of 
the gland, and termed this thymocrescin The extract was 
prepared by treatment of calves' thv muses with .acetone and 
ether, then extraction of the residue with water, and fractional 
precipitation and extraction with alcohol water and ammonium 
sulphate It was considered to be a sulphur containing 
polypeptide It will be seen that Hanson’s preparation is 
obtained by a very different method, but that its activity is 
probably due to the sulphur containing glutathione General 
growth, growth of the skeleton, and growth of the gonads all 
appeared to be accelerated by thy mocresm Important is the 
observation that extracts of lymph glands, prepared in 
precisely similar fashion, were found to be inactive (A useful 
resum/ of Asher’s work has been given by Gudernatsch (12) ) 

An entirely different extract of thymus was prepared by Temesvary 
m 1926, and termed thymophysin It was supposed to produce a 
slight but definite increase m the strength of contractions of the 
isolated uterus, and has consequently been advocated for clinical 
use Many clinicians have claimed good results w ith it (e g , 28, 6, 13) 
while others fe g , 18) find it of no value 

Earlier Work on the Pineal The pineal gland is a small, 
pinkish, cone shaped structure, situated in the mid brain, 
underneath the posterior region of the corpus callosum, and 
resting upon the anterior elevation of the corpora quadri 
gemma (27) There seem to be two types of cells, neuroglia, 
and “ secretory ” or ependymal cells Of the mass of state 
ments in the earlier literature concerning the gland, only two 
seem certainly accurate, and one of these has no discernible 
clinical significance Numerous extirpation and feeding 
experiments led to results too confusing and contradictory for 
analysis (21) 

A rare syndrome is found in young children, usually boys. 
They exhibit abnormal growth, associated with some degree 
of premature genital development, and they die at an early 
age, following symptoms suggestive of brain tumour At 
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autopsy there is frequent!) found a teratoma of the pineal 
Rland suggesting Ii) pofunction of that organ (27) Perhaps 
Snphir s experimental results (24) md eating that pineal tissue 
contains a gonadotropic substance ha\ e some bearing upon this 
syndrome though Tarkhan s work (26) does not support this 
\iew 

If ox p neal is fed to tadpoles along w ith plant food from 
the beginning of larval life about half an hour after each 
feeding they become sufTciently translucent to permit the 
beating heart to be visible This trai slucency lasts about three 
hours The phenomenon persists till metamorphosis (17 14 1) 
Its significance is not known 

Experiments with Hanson s Thymus Extract 

The studies of Rowntrec and his collaborators (10 8) 
introduce the novel procedure of continuous production of 
endocrine hyperfunction through successive generations They 
have been carried out entirely on rats 

Hanson s extract is made by treating the neck thy mus glands 
of calves with dilute hydrochloric acid Most of the earlier 
experiments were carried out with definitely crude extracts 
with, ■varying degrees of activity and stability (22) Sternberg 
(2*>) has lately j ublishcd details of tl e present method of 
preparation Fresh thymus glands of two to six week old 
cah es are immediately mmeed into 1 per cent hydrochloric 
acid and more acid is added to giv e a ratio of 1 5 grams of 
tissue to I c c of acid The mixture is then I eated r ipidly to 
68° C Fro tern coagulates and sediments leav mg a clear pale 
yellow supernatant fluid This is syphoned off 0 2 per cent 
chlorobutanol is added as preservative and the extract is stored 
at 40® C It is protein free and contains just ov er 2 per cent of 
dissolved solids 

It loses its activity fairly rapidly ai d completely within five 
months \\ hen it is stored at room temperature the activity 
is lost more quickly 

Such extracts arc rich m iodine reducing compounds IYesh 
extracts contain over 20 mg of ascorbic acid 40 to "0 mg of 
glutathione and a few milligrams of cysteine per 100 cc (23) 
These constituents have recently been shown to have an 
important relation to the action of the extracts 
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Earhtr Experiments A colon} of tweUe •white rats was 
divided into test and control groups Litter mates bom to the 
rats in each group were mated in pairs when possible The rats 





Fio 28 eight curves of thymus treated and thymcctomized 
rats, contrasted with normals Constructed from the curves 
in Ilowntree el al Arch Int Med , 1935, Ivi, J, Fig 5 and 
Ann Int Med , J 935, ix, 3 j 9, Fig 2 

tn the test group hate each recen ed by jntrapentoneaJ injection 
l cc of the thymus extract dailv, even during periods of 
pregnancy and lactation Treatment of the } oung has usual!} 
been begun from the sixteenth to the twentieth da> after 
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birth ihc first generation the original group (F 0 ) receded 
continuous treatment since June IGth 1033 the second 
generation (I ,) since September 2jth 1 )33 the third generation 
since January 10th 1934 and so on llany hundred rats ha\ e 
been under treatment 

Results In the first generation the test animals became 
heancr tllin the controls bred more frequently and had 
larger litters in which the xoung a\ eraged a heiuier weight 
Ihc first si\ litters from this group Mere practically normal 



1 lo 20 Companion of a fhe day old thvmui treated rat of tl e 
sesenth gei erotion t ilh n control of tl e same age (I rom 
Hovntrecrfa! Inn Int Mtd 103a Jx 3 jO ) 

hut the later Utters shotted definite precocity which was 
greater the later the litter With each succeeding generation 
the preeouty became more marked Tins is well shown in 
Table \ and Figs 28 to 30 

Psychic precocity is as striking as the physical Rats of 
the fifth to tenth generation run about the cage at from two 
to three days of age and are as alert as normal rats of sixteen 
to twenty days of age Weaning is possible at forty eight 
hours the young rats finding their om n food and drink supplies 
At this age they can nest for themselves and need no further 
parental care They can swim at the third day Beyond 
precocity , they show no abnormal behaviour 
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Table V 

Comparison of Thymus treated Rats rath Controls 



Studies of the blood of these animals showed a definite 
increase in calcium and inorganic phosphorus content there 
was no change m haemoglobin and white cell counts \ ra> 
studies showed for comparable ages increase of the skeletons 
in all dimensions but particularly in the length of the diaphy ses 
of the long bones earlier v lsibility of the epiphy ses of the long 
bones and earlier calcification and union of the centres of 
ossification of the long bones and the v ertebrae 

The precocity of the development is to be stressed The 
young of the third and succeeding generations grew and 
developed physically sexually and psychically in an extra 
ordinarily precocious manner But they did not become 
giant rats The growth rate slackens from the end of the 
second month The fertility of these rats is increased 

Later Experiments Rountree wrote in 1935(22) that while 
growth is accelerated to the seventh generation and differential 
development to the tenth Our data would seem to indicate 
that the limit in the influence on both grow th and dev elopment 
has been attained perhaps and that little increase beyond the 
present limits can be expected in the future 

He has obtained some suggestion of precocious development 
following use of acid extracts of other lymphoid glands (22) 
He has shown that frequent homologous thymus implants in 
parent rats produce an effect similar m kind but less m degree 
than that obtained by injections of the extracts (9) 



244 THE THYMUS AND PINEAL GLANDS 

In the earlier work both parent rats were injected Sub 
sequcntly it has been found that only the female parent needs 
the injections (23) 

It has now been shown that precocious growth and develop 
ment, similar in kind to the effects of the thymus extracts is 
produced by daily intrapentoncal injections of solutions of 
glutathione into the parent rats, while somewhat similar results 
have been obtained with solutions of ascorbic acid and 
cysteine (23) How ntree considers that there is some difference 
betw een the effects of these pure compounds and those of the 
extracts 

Similar results with glutathione have been obtained by Lee 
and Ajres(lS) Shaffer and Ziegler (24a) have isolated 
glutathione from calf thymus glands in yield of 0 28 gram 
per kg 

Effects of Thymectomy in Successne Generations Reports 
hav e been made on the results of thymectomj m fi\ e successive 
generations Growth is retarded in the second and later 
generations There is only mild retardation in development, 
each stage seems slowed to the longest limit of normal There 
is a definite decreased growth rate for the first four or five 
weeks of life (cf Fig 28) Thus for example a control rat at 
eighteen days of age weighed 23 grams a thy mectonuzcd rat 
of the second generation at the same age weighed 12 5 grams 
while by contrast a thymus treated rat of the ninth generation 
at four days of age weighed 27 grams 

Replacement thjmus therapy through four generations 
completely overcomes the retarding effect of thymectomj, 
and if pushed vigorously leads to acceleration of growth and 
precocious development of young Frequent thymus implants 
will produce the same effect (7) 

C/nodi's Results Chiodi, working in Houssay s laboratory, 
has repeated Rowntree’s work with injections of a thymus 
extract of the Ifanson type, and with thvniectomy m successive 
generations (4) 

While his published curves for the injection experiments 
suggest soni> degree of precocious growth in the second genera 
tion later g*. Derations show no definite effect, and he concludes 
that no cflec is produced He finds that thymectomy produces 
no change m growth rate in sticcessiv e generations, and, indeed. 
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fus published curv es indicate that any change is in the direction 
of increased, rather than of decreased rate of growth 

While the difference between C/uodi’s and Rountree’s 
injection experiments can well be attributed to differences m 
the extracts used, especially since Rountree has indicated that 
many of lus own extracts hav e pros ed to be non potent (22), 
the difference in their results following thymectomy cannot be 
so easily explained 

Chiodi has also attempted to determine the interrelationship 
between the thy mus and other endocrine glands (5) He can 
find no connection between gonad function and physiological 
involution of the thymus Thyroidectomy seems to lead to 
atrophy of the rat thymus, but adrenalectomy produces no 
effect within thirty days 

(Low (16) obtained little or no efTect or\ the thvmus of rats 
to which various endocrine preparations were administered 
although he states that a combination of thyroid and oestrogenic 
extract renders the animals liable to infection, which leads to 
inv olution of the thymus ) 

Diseases of the Thymus 

Numerous diseases affect the thjmus, but scarcely any can 
be directly associated with it It appears to be enlarged in 
Graves’ disease and in Addison's disease, and is persistent 
in eunuchs and after early castration, while it diminishes in 
size in wasting diseases, and in starvation and inanition 

Enlargement is specially associated w ith “ thy rmc stridor ’ 
and “thymic asthma” occurring at or shortly after birth, 
and the so-called “ status thy mieo lymphaticus,” though the 
existence of these as real entities is by no means certain, let 
alone their association with the thy mus (20) 

It is far too soon to know what clinical benefits will accrue 
from Rowntree’s experimental investigations 

Experiments with Pineal Extract and Pinealectomy 
These results are a partial antithesis of those with the 
thymus extract (21) 

Hanson's pineal extract was a hydrochloric acid picric acid 
extract of beef pineal glands, crude m nature. Rowntree’s 
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earlier work was carried out with such extracts, whose potency 
s aneu 



Ho 10 Comparison of a thymus treated rat of the s xth 
generation a pineal treated rat of ti e tl ird generation nnd 
a control all eighteen days old (From Ilownlrec et ut 
Inn Ini Med 103o ix SjO ) 



Flo SI Conij aruon of a pineal treated rut of the fifth genera 
tion with a control of tl e san e age (From flown tree el of 
Ann Ini Med 1035 Ix 3o0 ) 


Steinberg has recently published details of the preparation 
of the more refined extracts now used (25) Beef pineal glands 
aire collected in acetone and the dehydrated defatted material 
\ 
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is dried and powdered and extracted with 0 4 per cent hydro 
chloric acid the extract heated to 7o° C sodium carbonate 
added till flocculation is complete and a clear golden yellow 
supernatant fluid is then syphoned off preserved by addition 
of 0 2 per cent chlorobutanol and stored at 40° C It is 
relatively stable protein free and contains no iodine reducing 
substances 

Experimental Procedure This has follow cd v cry closely that 



I io 32 V\ e ght curv es of p neal treated rats and controls 
(After Rowntree el al Science 1936 laxxi i 161 Fig 1 ) 

employed in the thymus experiments So far the published 
data refer to observations up to the sixth generation the 
results are based on a colony of several hundred rats 

Results In the first generation no effect was noted other 
than moderate loss of weight and phenomena suggestive of 
sex excitation and early breeding In the second generation 
there was definite retardat on m growth with mild precocitv 
in gonadal development In subsequent generations these 
features were accentuated producing a picture of precocious 
dwarfism. with, relative maerogemtaUsm In addition eye 
anomalies (ocular diseases and blindness) are common in these 
animals which are physically weak and more nervous and 
irritable than normal 
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The dwarfism is permanent though it becomes less striking 
as the animals age The precocity of development is shown 
m Table M in which onty the average figures are given since 
there is considerable Jack of uniformity in indii iduals Growth 
curves are shown in Tig 32 , note also Figs 30 and 31 

Linhorn and Rowntree (10) have recently summarized the 
results of their experiments with pineal extract 4 The daily 
MtrapcriUmenl administration of I cc of pineal extract to 
successive generations of rats has resulted in an increase of 
frequency of breeding an acceleration m the rate of somatic 
differentiation and a retardation tn the rate of growth in the 
offspring of treated rats These biological effects are progressive 
in character, becoming more marked in successiv c generations 
under treatment * 

Results from Pinealectomy Emhorn and Rowntree ( 10 ) find 
that pinealectomv in successive generations of parent rats 
produces no noteworthj effect in the offspring which further, 
are not affected cither by injection of pineal extract or by 
pineal implants 


Table M 

Progressne Development under Pineal Treatment 


Controls 

F, 

F, 


Function of the Thymus and Pineal Glands 
In spite of th striking results or Ron ntree s experiments ivitli 
thymus extracts the parallel eflects produced bj (.Iutathnine 
and the discoi dance between his results with thjmectoroy 
experiments and those of Chwdi demand suspension of judg 
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ment as to conclusions bearing upon the tn mvo function of 
thymus tissue. 

Nor can anj definite statement jet be made concerning the 
pineal gland. 
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CHAPTER Mr 


HORMONES OF THE ORGANS CONCERNED WITH 
REPRODUCTION 

Jptroduct on 

dentistry of tie lorniones concerned nith reprod cl i 
■I Ut cttorud actix.it ts of the lormone t concerned t nth reprod id on 
Abnormal states associated rcttl tie gonadal hormones 
Hormonal treatment of gonadal disorders 

Introduction 

Gonadal Deielopment and Cyclical Changes The hormones 
of the ovaries and testes are closely related chcmieallv and 
since their actions have a superficial degree of resemblance it 
is desirable to bring together rather than to separate all that 
pertains to our know ledge of their nature and functions 

Of the various organs producing an endocrine secretion the 
ovaries exhibit the greatest degree of regular cyd cal change 
this must be understood before their hormones can be 
adequately discussed 

In the earliest stage of gonadal development of the human 
embryo no histological sex differentiation is as jet possible 
the tubular sj stem is bisexual Sex is first distinguishable in 
the third week. of cmhrjomc life (13 mm ) by appearance of 
the testis cords in the male In embryos of both sexes 
■Wolffian (male) and Mullerian (female) ducts develop equally 
for a while subsequently the development of one predominates 
and that of the other lags and f nally is only represented by 
vestigial remains (62) Sexual differentiation in mammals is 
exemplified by (i) the gonad itself— ovarv in the female testis 
m the male (it) the accessory reproductive organs— (corpus 
luteum) uterus vagina clitoris and mammary glands in tl e 
female seminal vesicles prostate perns in the male and 
{in) the secondary sex characters marked}}' diverse in different 
species and characterized in human beings by distribution of 
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hair, b) voice, and by a reiatrve enlargement of the capacity of 
the peh is in w omen 

The o\ar> can be considered as divisible into a superficial 
or cortical, and a deep or medullar} Ia}er The latter consists 
of a highly vascular, highly cellular stroma of connective 
tissue, m which follicles are embedded along with the results 
from their degeneration or maturation In addition, in man} 
species, blocks or groups of epithelial cells are present, the 
“ interstitial tissue’ of the ovaries In the human ovary the 
presence of this interstitial tissue has not been clearly demon 
strated (and current opinion does not associate such interstitial 
tissue with ovarian hormones) The external laj er of the 
cortex single low cylindrical germinal epithelium continuous 
with the peritoneal epithelium, cov ers the tunica albuginea, an 
ill defined la>er of connective tissue containing some unstriped 
muscle fibres From the epithelium epithelial cords grow into 
the substance of the ovar>, and subsequent!} break up into 
small nests of “ primordial follicles ’ some of them subsequentlv 
becoming enlarged to form the primitive ova Each follicle 
consists from without inwards of the theca externa the theca 
interna, and the follicular epithelium which carries the ovum 
As the follicle matures it extends inwards until it reaches some 
size, but eventuall} also projects outwards, bulging the surface 
of the ov ar} The cav lty within this mature Graafian follicle is 
filled with a viscous liquid the liquor folliculi At birth the 
human Ovary contains some thousands of primordial follicles and 
a few growing Graafian follicles 

From birth to puberty the ovaries slowly increase m size 
With the approach of puberty the Graafian follicles become 
greatl} enlarged and eventually rupture, discharging their 
ova Following such rupture the point of rupture closes, the 
cav it} fills with blood, and is subsequently invaded b} connec 
tive tissue The follicular epithelium multiplies and its cells 
enlarge They acquire more and more lipide material, which 
in bov me and human ov aries is coloured orange or } ellow from 
the presence of a trace of carotene (with some xanthoph}lI), 
whence the name corpus iuleum In many other species, 
including the rat and mouse, the corpora lutea are not yellow 
in colour 

If the discharged ovum is unfertilized, after a short period 
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involution and obi tcmtion of the corpus luteum set in If 
however the ovum is impregnated and becomes embedded 
in the uterus (or abnormally elsewhere) the corresponding 
corpus luteum enlarges still further to im oh c about a third 
of the ovary and persists throughout pregnancy 
The majority of the Graafian follicles fail to reach complete 
maturity and rupture but undergo atresia at some stage 
short of this Such follicles are finally entirely absorbed or 
else are n etamorphosed into corpora lutea atretica and finally 
small corpora albuantcs The atresia seems to be associated 
with definite stages of the oestrous cycle 

Abruptly with the first ovulation occurs the first sexual 
cycle the first oestrus Characteristic changes occur in the 
uterus and vagina Primates and other mammals exhibit some 
difierenccs in the c\elc In the lower mammals it can be 
dn tded using the nomenclature of Heaps into 

1 Anoeslrus the quiescent or resting stage (absent of course 
from the first cycle) 

2 Prooestrus the coming on of heat in wl ich occur 
turgescence of the uterus and vagina together with certain 
endometrial changes 

8 Oestrus the period of heat and of desire 
i Either 'pregnancy or a return to anoestrus 
In polyoestrus animals in which the c> cle is repeated several 
times during the breeding season oestrus is followed by periods 
of recuperation and growth meloeslrus and dioestrus and these 
again by prooestrus 

In the immature female rat and mouse the external onfee 
of the v agina is closed by a plate a thin wall of cells wl ch 
is ruptured d mng the first cycle by enlargement of the vagina 
In the guinea pig a correspoi ding membrane is regenerated 
after each period of oestrus 

In primates if pregnancy does not take place u enstruation 
occurs In the turgescent uterus a rapid necrosis of its 
functional layers is accompanied by haemorrhage 
A comparison of the time relationships gives some such 
table as the following (103) 1 


» Forf irtherdetaila see Frank (O'*) Parkcs{103) Sharpey Sel nfcr(lBl) 
or Hobson (171) Marsftaff in a rceenC Crow *a Lecture to the Hmai 
Soc ety of London (133) has reviewed ent cully present knowledge of Ihe 



INTRODUCTION 


253 


Phaxe 

State of the Ovary 

Stale of the tterov (and Vagina) 

Anoestrus 

Rest 

Rest 

Trooestrus 

Maturation of follicles 

Growth 

Oestrus 

Ovulation 

Degeneration (Copulation) 

Metoestrus 

Formation of corpus 
luteum 

Recuperation 

Dioestrus 

I Transitory dev elopment 
of corpus luteum 

Transitory development 
or no change 


(Ovulation in the rabbit and ferret onlv follows copulation 
*' Pseudo pregnancj can be induced by sterile mating with 
a vasectomized male Ovulation is then followed bj de\ elop 
ment of normal corpora lutea, modification of the uterine 
mucosa and hj^per trophy of the mammarj glands (conditions 
typical of the earlj stages of actual pregnancy) Pseudo 
pregnancj is probablv due to a nenous reflex set up through 
copulation and acting through the anterior pituitarj to produce 
o\arian development and formation of corpora lutea When 
pseudo pregnancj is produced bv similar procedure in the rat 
and mouse, the hv es of the corpora lutea are prolonged and the 
next oestrus delaj ed ] 

The testes of mammals show no such cv cle of changes nor 
do their functions call forth any cjclical change in the secondary 
sex glands of the male The internal secretion of the testis is 
generallj believed to be associated with the interstitial cells or 
cells of Leydig epithelium like cells associated with the inter 
tubular connective tissue, and forming conspicuous isolated 
groups of cells in man 

Castration and Implantation Much early information was 
gained concerning the functions of the gonadal hormones bj 
study of the effects of extirpation and of grafting Such 

causes determining sexual periodicity in mammals and birds and the 
relationship of the Internal sex rhythm to seasonal changes and external 
environmental phenomena in general These often — especially exposure 
to sunlight (and probablv to the ultra violet rays of that light)— act 
cnteroceptuely through tie nervous system and probably through the 
hypothalamus upon the anterior pituitary and through it upon the gonads 
Marshall concludes In all the higher animals sexual periodicity while 
conditioned by the environment is regulated in its successive phases by 
the combined integrative action of the nenous and endocrine systems 
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experiments afforded information of great a alue concerning 
the hormonal control of the secondary sex organs and characters 
The experiments of \ussbaum on the frog m 1012 produced 
reasonable evidence tl at the sex characters of the male are 
controlled by a specific hormone of the testis In tire breeding 
season of these amphibians a thickened pad of skin de\ elops on 
the first digit of each forehmb of the male associated with 
increased muscular dev elopment of the limb This develop 
ment is preparatory to his prolonged copulatory embrace of the 
female Jiusshaum showed that if the male is castrated the 
thickened pad and the increased muscular development do not 
occur but that if a piece of testis is introduced into the dorsal 
sac of such a castrate then mating changes ensue normally 
The absence of nervous connections from such a graft indicated 
that the effect was due to a testicular 1 ormone (211) 

In the young male rat four to six weeks old the penis is 
short and thin with undeveloped corpora cavernosa the 
prostate is scarcely visible and the seminal vesicles are very 
small In the adult rat the penis is relatively long and wide 
and can be easily protruded the corpora cn\ ernosa form its 
proximal part the prostate is a rchtiv ely large lobular organ 
and the vesicles are s milarly large and filled with a coagulablc 
secretion If castration is performed at the age of four to six 
weeks the adult castrate shows scarcely any change in the sex 
apparatus from the period of castration The eflcct of castra 
tion on male mice is i ery similar Correspond ng cl anges have 
been observed in the guinea pig rabbit and dog (117) 

The precise effect of castration on man practised tliroughout 
the centuries has only within recent y ears rcceiv ed exact study 
from the physiological standpoint Much information was 
gamed by studies of the Shopecs a Russian rel g ous sect w ho 
practise castration in the frst decade of life Following such 
early castration the adult castrate has small and under 
developed penis prostate and seminal vesicles Masculine 
distribution of hair does not develop The beard is absent 
The limitation of hair in the pubic region is feminine Obesity 
may or may not be present The larynx is an enlarged infantile 
larynx and the voice of the prepuberal boy persists throughout 
We Ehe skeleton shows, some characteristic changes Growth 
of the long bones persists bey ond the usual time the castrate 
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tends to be tall through disproportionate length of leg The 
general intelligence is not specially influenced, but apathy 
is a characteristic feature Post puberal castration produces 
less marked effects (117) 

Obsenations on the results folloyying castration m different 
species of mammals indicate that, whereyer specific structures 
are associated y\ ith sex, castration affects their growth 
Castration in } oung stags leads to non dey elopment or arrest 
of dey elopment of antlers, according to the age at castration 
Put in eland and in horned cattle, where both sexes possess 
horns so that these are not related to sex differentiation, their 
groyvth and dey elopment are not affected bj castration (211) 

Oyanectom> in the female leads to corresponding changes 
In joung rats, mice, guinea pigs, and rabbits, the uterus and 
yagina remain infantile The mammae remairt undey eloped 
The sex cj cle does not occur 

In women obsenations are ayailable almost exclusiy eh 
following post puberal castration, and are less accurate and 
uniform In all cas-s, hoyveyer, atrophy of the uterus and 
yagina takes place, and menstruation ceases Such castrated 
yyomen usual 1} gain weight through deposition of fat Certain 
of these changes are comparable with those obseryed at the 
climacteric 

Generali} speaking, gonadal implants tend to restore the 
secondary sex organs of castrated animals to normal function 

Extirpation and implantation experiments in birds are of 
some importance in the present connection, since certain of 
the results hay e been emplo}ed as biological tests especially 
for the testicular principle Fo»vls haye been chief!} used 
Different races show considerable yanation in results Much 
of our present accurate knowledge is due to P^zard and 
Goodale 

Castration of }oung cockerels at the age of three months 
leads to a characteristic dey elopment of comb, wattles, and 
barbies, which remain small, bloodless, and thin, infantile 
rather than feminine The spurs are not influenced The 
plumage is not greatl} changed The capon becomes somew hat 
larger and heayier than the normal bird, but the increase in 
weight is mainl} due to the la}ing down of more fat (whence 
the ancient practice of castrating fowls) Castration in the hen 
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Jcnds to the development of a comb similar to that of the 
capon and the acquiring of ‘ male plumage which however 
more closely resembles that of a capon than of a normal cock 
Thus removal of either testes or ovaries results m production 
of a neutral bird (117) 

Vaginal Smear Tests Hie earlier work on the endocrine 
secretion of the ovaries was handicapped through the Jack of a 
simple biological test which could be used for extracts Such a 
test hecame available from the work of Stockard and 
Papanicolaou 

Studies by Iforan and Lataste Heaps L Loeb and others 
had suggested that distinct cyclical changes occur m the 
vaginal walls of animals but no definite knowledge was 
available until Stockard and Papanicolaou published m 1917 
a complete account of the changing types of cells found in 
vaginal smears of the guinea pig during the course of oestrus 
In 1920 22 Long and Finns showed that the same series of 
changes take place m the rat and Allen and Boisy were thereby 
led to employ these changes to measure the potencj of ov arian 
endocrine preparations Stockard has recently reviewed the 
subject (199) 

In the guinea pig the period of oestrus lasts about tw enty four 
hours and occurs very regularly ever} fifteen to seventeen 
days Throughout the twenty four hour period fluid is 
abundant in the vagina For the first six to twelve hours 
(during which period the female will accept the male) the 
fluid is a fairly clear frothy mucus It gradually increases 
in quantity until it fills the lumen of the vagina During the 
second stage two to four hours the fluid presents a checs) 
appearance and during the third stage hi e to ten hours 
it slowl} becomes more liquid and serous A fourth stage 
is also differentiated m which there may be slight bleeding 
following this period of sexual activit} the vaginal closure 
membrane grows over the vaginal opening (a change specific 
to the guinea pig) If this membrane be broken during the 
dioestral period the vagina is found to contain only a scanty 
amount of slimy fluid poor in cells 

Smears prepared from the v aginal fluid at the different stages 
show sucli characteristic differences in appearance as to be 
diagnostic of the exact sexual state of the animal 
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In the first stage the mucous fluid contains an abundant 
mass of cells, of a squamous t\pe and showing considerable 
plasmoljsis with bent and wrinkled cell membranes Their 
nuclei are verv small and pvcnotie, the protoplasm has 
degenerated and does not stain well , it exhibits a reticular 
stmcture These cells dcmed from the wall of the vagina, 
predominate over all others at this stage 
Towards the end of the first stage and at the beginning of 
the second there are also present some elongate, cornified 
cells, without nuclei, w hich are desquamated from the more 


Fig 33 Dioestrous smear leuco 
cytes m stringy mass X 40 


FlC 33 Oest mus smear non 
nucleated cortnfled epithelial 
scales x 40 This tvpe usually 
appears within forty -eight hours 
after the first injection and is a 
certain criterion of the positive 
action of an extract 
Fir 37 Hark stage of leucocytic 
infiltration (metoestrum) x 40 
lew nucleated epithelial cells 
has e appeared as y et 


Fig 34 Pro-oestrous smear 
chiefly nucleated epithelial cells 
with an occasional leucocyte 
X 40 Present thirty h\e to 
forty hours after first injection 

Fig 3G Hat cornified elements 
of the oestrous smear stage 
X 2o0 Eosin stains these cells a 
brilliant red Although the site 
of the former nucleus is apparent 
all basophilic staining reaction 
lias been lost 

Fig 38 Late stage of the 
metoestrum X 40 Enormous 
numbers of leucocytes some 
cornified scales (in the centre of 
the field) and many nucleated 
epithelial cells 


external portions of the vagina The} stain decidedly red with 
haematoxy lm and eosin, while the commoner tvpe appear 
merely gray 

During the second period the enormously increasing number 
of cells m the fluid causes its cheese like consistency These 
cells are deriv cd mainly from the v aginal w all and are healthy 
epithelial cells, as contrasted w ith the plasmoU zed cells of the 
first stage The nuclei show only slight signs of degeneration 
The protoplasm stains v\ell The second stage corresponds in 
time with the rupturing of the Graafian follicles and discharge 
cftbcoia 

\\ hile leucocy tes are in smears of the first and second stages 
in the third stage they predominate to such an extent that the 
epithelial cells become isolated from each other and each is 

R-A IS DOC 9 
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surrounded by a number of leucocytes These appear to 
dissolve or digest the epithelial cells The fluid thus becomes 
niort serous 

The fourth stage presents a similar appearance sometimes 
red blood cells are present from a slight haemorrhage 

Fluid obtained during the dioestral period shows gradual 
changes from the fourth to — just before new oestrus — ‘the 
first stage 

Different investigators have examined the vaginal discharge 
in the mouse rat monkey, opossum cow and rabbit and all 
have found a strikingly uniform correlation between the 
particular cellular composition of the vaginal smear and the 
sev eral stages in the process of follicular growth and ovulation 

Papanicolaou first definitely showed the existence of some 
degree of rhythmicity of the human vaginal smear (ICO) a 
cyclical change occurs shortly before menstruation and lasts 
six or seven days while during the rest of the cycle the 
epithelium is quiescent (205) 

The importance of the vaginal smear test lies in the corrcla 
tion Immature animals and castrates do not exhibit the 
vaginal cycle Its induction by injection of ovarian extracts 
constitutes a positive test for the efficiency of those extracts 
The test has the additional advantage that the castrated 
animal need not be sacrificed but can be used repeatedly The 
cycle in the mouse and rat is only of four to six days duration 
so that these animals are particularly suitable for the test 

The vaginal smears of an artificially induced oestrus in the 
spaved rat (Allen and Doisy s procedure) arc show ri m Plate II 
Ivgs 3.X-3S 

Hormones of the Oiaries 1 Allen and Do sy (1923 1924) 
having shown tliat the vaginal smear test could be used with 
the rat by aid of this test succeeded in obtain ng a concentrate 
of the ovarian principle They aspirated fresh follicular liquor 
from hogs ovaries removed its proteins by excess of alcohol 
and subjected the filtrate to successive treatments with lipide 

1 Before discussing the cl emistry of the pure 1 ormones of the gon ids it 
is desirable to give a br ef account of the work \vl icU led to tl e r isolat on 
For f iller detn Is tl e reader should consult such symposia as tl at edited 
by Edgar Allen (3) and for details of the preparation of the less recently 
isolated compounds Harrow and Sherwln (80) 
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sohcnts and water obtaining finally a fraction which was 
soluble in Iipides and which induced oestrus m spayed rats 
and rabbits They showed that such an active fraction could 
be obtained from whole ovaries and from placenta Later on 
7ondeh and Aschheim found that the urine of pregnant women 
or of pregnant mares is a very rich source of material exhibiting 
this activ it) 

At first it was belie\ed that only a single compound was 
responsible for the oestrogenic activity and numerous names 
such as oestrin folhculin and progynon were given to this 
hypothetical compound by different investigators Since the 
preparation in crystalline form of more than one active 
compound such names have been almost completely discarded 

Crystalline oestrone was obtained independently and almost 
simultaneously by Doisy (August 1929) Butenandt (October 
1929) and Dmgemanse (1930) from the urine of pregnant 
women Doisy termed it iheehn In 1930 Martian isolated a 
second actu e compound from the same source Doisy obtained 
it a little later (49 cf 23) This compound oestnol was 
termed theelol by Doisy and differs from oestrone by the 
elements of a molecule of w-ater The terms oestrone and 
oestnol are based on a formal nomenclature now apply ing to a 
whole series of such compounds and are now generally used 
In 1935 Doisy showed that the still more active compound 
oestra di ol already synthetized was naturally present in 
ovarian tissue 

Hormone of the Corpus Luteum The earlier theories concern 
mg the function of the corpus luteum have been set out by 
Misaw (93) and criticalh reviewed by Pratt (167) Association 
of the corpus luteum with endocrine funotion w as suggested by 
Prenant and v on Bom Fraenhel adduced some experimental 
evidence m support of this view demonstrating that removal 
of the corpus luteum of the rabbit leads in early pregnancy 
either to absorption of the foetuses or premature expulsion 
Numerous inv estigators hav e contributed to the present general 
acceptance of the endocrine theory 

Results of experimental removal of the corpus luteum 
suggested that it normalh inhibits ovulation during pregnancy, 
and that if it is remov ed during pregnancy abortion will occur 
in some though not m all species 


9—2 
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Evidence obtained by Loeb and others, working with the 
guinea pig rabbit and bitch demonstrated that the corpus 
luteum secretes a substance si Inch sensitizes the uterus (so 
tbit it will then respond to mechanical stimuli by formation 
of decuiual tissue) 

In addition to the three functions thus suggested b> this 
experimental evidence (inhibition of ovulation sensitization 
of the uterus for implantation of the ovum and maintenance 
of pregnane)) some evidence was obtained that the corpus 
luteum took part in the development of the mammary glands 
(cf ira) 

Larly accurate work on the corpus luteum indicated that its 
hormone is extractable by Iipide solvents buch extracts 
produced changes t>pical of earl) pregnancy and pseudo 
pregnane) in the uterus of castrated rabbits and also 
continuance of life and normal development of the embryos of 
rabbits castrated during pregnancy The hormone was 
vnriousl) termed progestin (Allen) corponn (Hisaw) the 
beta factor (\\ icsner) lutm (Clauberg) and luteosterone 
(Slotta) In 1 13* this substance was obtained in crystalline 
form independently and almost simultnneousl) by four groups 
of investigators Butenandt and his co workers Slotta Ruschig 
and Tels Allen and \\ mtersteiner and Hartmann and 
Wcttstcm The question of priority of seeondarj importance 
has been dcnlt with fairly bv Ilohlwcg and Schmidt (94) The 
name progesterone has been agreed upon 

Hormone » of the Oium and Placenta The presence of 
oestrogenic material in placenta was demonstrated early 
Japanese workers (Hirose Murata and Adaclu) obtained 
evidence that it also contained a substance which produced 
numerous corpora lutea m rabbits in a manner simulating the 
action of antcTiOT pituitary implants (cf p 378) \\ lesner (218) 
obtained placental extracts with similar properties and Collip 
developed these studies still further (37) 

Collip showed when an acetone extract of human placentae is 
acidified addition of excess of alcohol fractionates it into two 
pvrts containing different hormones The precipitate purified 
b\ repeatedly re dissolv mg it in water and re precipitating with 
alcohol gives finally a preparation which produces the pituitar) 
like effects ahead) described and which when injected into 
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immature rats nineteen to twenty one days old, produces 
oestrus m three to fiv e day s Collip termed the active compound 
in this material the anterior pituitary like, or A PL principle 
A P L behascs as a protein has not been crystallized and has 
not jet been obtained in definitclj pure condition It must be 
administered by injection to be eflectix e 
The alcoholic filtrate from A P L is concentrated bj remo\ al 
of alcohol, then acidified and extracted with ether Emmenm 



I 1 IQ 39 Seminal vesicles and prostate of control (left) and 
experimental adult rat (right) after injection of the anterior 
pituitary like principle (the equivalent of lo grams of 
placenta) administered daily except Sundays for fortj two 
dajy (From Collip ft al Can Mtd Assoc J , I ft? I xxt* 

201 ) 

remains in the aqueous phase, while some oestnol is present in 
the ether extract, and has been obtained in cr\ stal form (34, 13) 
and its identity deftniteK established Collip showed that 
when the emmemn fraction was autoclaxed in acid solution it 
became ether soluble, suggesting that it is an ester of oestnol 
(35 3G) Later w orh suggests that it may be a glj curomde 
Emmenm is effectix e orally, as well as bj injection It 
rapidly produces oestrus m immature rats but produces 
no definite changes m the o\anes It has no effect on the 
cycles of normal adult rats, or on the normal course of pregnancy 
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or lactation It has practically no effect on adult castrates It 
thus differs from oestrone in this respect and in its apparently 
greater cffectn eness by oral route 
The A P-L principle also affects the male animal Marked 
enlargements of the accessory genital structures are produced, 
especially of the seminal a esicles and prostate gland (ef 
Fig 39) The weight of the testes is not much affected 
Function, rather than hypertrophy, is stimulated (Colhp) 

As already stated, oestrone is present m the urine of pregnant 
women in relatively large amount Colhp succeeded m 
separating concentrates from urine which appeared to corre 
spend with emmenm and the A P-L principle, and from the 
former lie obtained cry stals of oestnol (3 1 ) 

It is practically certain that A P L of the placenta is identical 
with Zondek’s prolan from unite 7ondek and Aschheim’s 
earlier work with pituitary extracts showed that these possessed 
definite gonad stimulating effects This work w ill be discussed 
in the next chapter In 1927, having found that preparations 
from urine were much more potent in producing the gonad 
effects they were studying, they somewliat rashly assumed that 
the active urine constituent was identical with that m the 
pituitary Ihis assumption cannot be upheld, but the expen 
mental e\ idence stressing the differences will be dealt with 
later In the meantime the identity of APL and urinary 
prolan will be assumed and, since a good deal of confusion 
exists in the literature between “urinary” and “pituitary” 
prolan, the term prolan will not be employed Since APL 
is produced by chorionic tissue derived from the ovum. It can 
truly be regarded as the primordial hormone and riuhmann (60) 
has recently adopted Hamburger’s very rational suggestion in 
terming it the chorionic gonadotrophic hormone 
A-P-L is concentrated from urine in various way s , essentially 
the treatment consists of precipitation from acid urine with 
alcohol and purification of the precipitate by extraction with 
ether, re solution m water, and re precipitation with alcohol 
A water soluble preparation is obtained It has not y et been 
obtained in crystalline form 

Hormones of the Testes The biological tests usually employ ed 
for the concentration of the endocrine principle have been the 
prevention of atrophy of the prostate and seminal vesicfes 
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in castrated rats and mice, and the production of comb 
growth m capons Koch (I OS) summarized the earlrer work 
McGee, working under his direction, conclusn ely demonstrated 
in 1027 that a benzene extract can be prepared from testes 
which causes comb growth when injected into capons Later 
work showed that the same or some similar principle is present 
in the urine of men, and in traces m bull s blood Extraction 
w ith hpide solvents is an essential feature m the preparation of 
concentrates from testes or urine Frattmo and Alamo (65) 
claimed that they had obtained a \ery actne crystalline 
preparation but have never published details Eutenandt (16) 
definitely was the first to obtain pure cry stals from urine and 
to determine the constitution of the compound, which he 
termed androsterone He estimated that about two million 
litres of urine contain 1 gram Subsequently testosterone much 
more active, was isolated from testes 

Chemistry of the Hormones concerned with Reproduction 

Two groups of compounds control reproduction m mammals 
The first are protein or protein like in character being the two 
gonadotrophic hormones of the anterior pituitary the lactogenic 
hormone “ prolactin of that gland and the chorionic hormone 
A P L of the placenta or more strictly speaking of the ovum 
The second group are all derivati\ es of cholesterol which is 
probably their parent substance in the mammalian organism 1 , 
they are hpide in character 

These cholesterol dematrves and related compounds are 
conveniently dmded into three sub groups (l) androgens (i e 
compounds with androgenic properties conferring maleness) 
and their dematnes, (n) oestrogens (if compounds with 
oestrogenic properties, conferring femaleness) and their dem a 
tives, and (in) progesterone and its dem atives 

The protein group will be dealt with m some detail in the 
next chapter, though some account of A P L will be included 
m this 

The Cholesterol Derivatives Since the crystallization and 

1 Schramm and Hamsch (185) have observed that addition of a colloidal 
cholesterol solution to minced guinea pig ovarian tissue increases its 
oxygen consumption in a specific manner suggesting that the cholesterol 
has been oxidized 
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identification of oestfone in 1929, preparation of pure natural 
and artificial androgenic and oestrogenic compounds, and others 
related to them but physiologically inert, has been extra 
ordinarily rapid In addition, a number of synthetic oestrogeme 
compounds has been prepared, which arc not derivatives of 
cholesterol The earlier work was largely" carried out by 
Uutcnandt and Huzicka, who both, and also Tschernmg, 
published useful summaries of this work in 1930 (20, 178 206) 
More recently the chemistry of this scries of compound > has been 
reviewed by Marrian (201, 134), by Koch (104), and by many 
others 

The constitutional formulae of some important members of 
the scries arc gi\cn on pp 265 and 260 All the sex hormones 
denied from cholesterol have the characteristic four ring 
skeleton of that compound, of which the comentional number 
nig is shown on p 203 The androgens and progesterone can 
ltc regarded as denied from a C 1( hydrocarbon, androstnne, 
with two methyl groups, and the oestrogens from a C 18 
hydrocarbon, oestrane, with one methyl group 

Cholesterol C n H o 0H, has a long side chain which may 
be considered as gradually etched away to form the others 
Its general distribution in the body, its varied functions 
associated is ith fat transport formation of sebum, etc , and its 
excretion through the bile whose bile salts hold it in solution 
are moderately well understood The cholic acids, precursors 
of these bile salts, arc probably formed from it Cholesterol 
may be obtained by the mammalian organism partly in the 
diet, but can also, at least in part, be svnthetized by the 
organism Through dehsdro cholesterol the natural \ itaruui B-, 
is denied from it while ergosterol and its denvatne calciferol, 
the synthetic vitamin D 2 , are closely related to it 

Naturally Occurring Androgens 

Testosterone (androstenc 3 one 17 ol) C 14 TI 28 0 2 (melting 
point 1 14° C ) sms first isolated in pure form from the testes by 
I iqueur (112) and has been prepared from cholesterol (179 19) 

It is the most powerful natural androgenic substance known, 
being six or more times as actn e as androsterone by the capon 
comb test, two to five times as judged by the prostate test. 
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Skeleton King Structure Stigmastcrol 

(from Soy Bean Oil) 



Androsteronc Androstenc 3 ol 17-one 

\ (from unne) (from unne) 
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Androstene 3, 17 dione Androslene 3 17-diol 

(artificial) (artificial) 


r« 



Testosterone 
(from teates) 





Oeslra 3 1“ dtal 
(from ovaries) 
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and ten times as judged by the action on the seminal vesicles of 
cistrated rats (44) Certain of its esters show greater prolonged 
potency 

Androsterone (androstane-3-oJ 17-one) C ls H so Oj the first 
androgen to be obtamed in crystalline form was prepared from 
urine and later from epieholestanol by Butenandt who proved 
its constitution It melts at 178’ C 

Dehydroisoandrosterone (androstene 3 ol 17 one) CjjlI.gOj is 
also present m human male urine from which it vv as isolated 
by Butenandt It melts at 148° C Its physiological activitv 
is about one-third that of androsterone (104) 

In addition to these Laqueur belie\es (and Deanesly and Partes 
and others have supported his view) that testicular tissue contains a 
still unknown compound Laqueur s\ substance which while neither 
androgenic nor oestrogenic itself materially enhances tl e activity 
of testosterone though not needed to activ ate it It is stated to be 
also present m liver adrenals ovaries wheat seedlings and urine 
and is hpide soluble It has been purified to the extent that a 
0 5 mg daily dose is definitely effectiv e in accentuating testosterone 
action on rats The substance bchav es like a highly unsaturated 
fatty acid (101 60) But it may prove to be no specific substance 
but merely a naturally occurring metabolite with the power to 
enhance the activities of testosterone and other compounds 

Koch in 1037 (JOt) listed some thirty compounds (including 
certain esters) which exhibit androgen c activity Many of these 
have only been prepared m the laboratory A number of them have 
potency of the same order as androsterone Such a synthetic 
compound as androstene 3 17 diol is of interest since it is both 
androgenic and oestrogenic (179 19 18) 

Naturally Occurring Oestrogens 
Oestra di ol (oestradiol dihydro oestrone dihy drofolliculin) 
C 1 *H 2t O, is known in two forms The alpha form is chief! \ 
responsible for ovarian activity and was first prepared by 
Schw enk and Hildebrandt m 1933 (99) by partial dehy drogena 
tion of oestrone It was later isolated by Daisy and lus 
colleagues from sow ovaries (124) and very recently from the 
urine of pregnant women (50n) \\ mtersteiner has obtained 

both compounds by reduction of oestrone the alpha form being 
produced in greater yield (215) while he has also isolated the 
beta form from the urine of pregnant mares The alpha form is 
stated to be about six times as physiologically active as 
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oestrone the beta form has much the less activity of the 
two (215 21) The two isomers are easily separated since t! c 
alpha form is precipitated by digitonm and the beta form is 
not The first crystallizes m prismatic needles and melts at 
176® C the second crystallizes in thick prisms and melts at 
218° Their solutions m alcohol have specific rotations (for 
18 and D) of 78 a and 50 7° respectively Their formulae are 
shown 


a oeslrad ol p or sir ad ol 

Oestrone (Theclin) C lt H sl O, melts at 2oO-251° C It is 
easily soluble in alcohol acetone chloroform and benzene 
less soluble in ether and only very slightly soluble in water 
It is fairly easily oxidized A pliotomicrograpl of Butenai dt s 
crystals is shown in Fig 40 

Oeslriol (Theelol) has still less activity than 

oestrone It is easily soluble in pyridine less so in methyl and 
ethyl alcohols and only slightly in ether It is soluble in dilute 
potassium hydroxide but insoluble in sodium carbonate It 
can be converted into oestrone by f heating with potassium 
hydrogen sulphate at 180° C and 0 02 mm mercury pressure 
when oestrone distils over (16) or by fusing with the same 
reagent suspending the product in 0 01 A sodium hydroxide 
and extracting the oestrone with ether (130) 

Equxlin Ci B H 20 O 2 and Equilnun C ia II 18 0 2 have been 
derived from urine of the pregnant mare Botl show slight 
female’ activity (71) 

Emmemn As already mentioned (p °G1) it has been shown 
that an emmemn fraction can be obtained from pregnancy 
urine and there is ev idence tl at emmemn itself is in some 
ester like combination which can be hydrolyzed to oestriol 
The work of Marxian and his colleagues (32) indicates that 
emmemn is oestriol glycuromde and that it is almost certain 
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that during the greater part of pregnancy over 99 per cent of 
the oestrogenic material excreted in urine is in this or some 
other ester form of combination requiring autocla\ ing in acid 
solution to liberate oestrone and oestnol Gij curomdes are 
usually regarded as detoxication products The physiological 
actn lty of emmenin is much less than that of oestrone and it 
seems natural to conclude that the formation of oestnol and 
then of its glycuronide are protects e measures during pregnane} 
against o\ er acti\ it} of oestradiol and oestrone 



Fig 40 Crystallized oestrone from ncet c ether (From 
Butcnandt 7eilsclr physiol Chtm 1930 cxci 127) 

Synthetic oestrogens have been especially studied by Dodds 
and his collaborators (39 49) The} ha\ e found active oestrogens 
among the dematnes of diphen}lethane and diphen} leth} lene 
Anol (p h}droxy prop}lenebenzene) and 4 4 dih\droxy 
diphen}! also ha\e oestrogenic actn it} so that e\idently the 
phenanthrene nucleus is not essential for such activity The 
most potent compounds they have so far obtained are 
stilboeslrol and hexoestrol 

Stilboestrol(dieth}l stilboestrol and in full 4 4 dih}drox} 
ajB dieth}lstilbene) has an actn it) three times as great as that 
of oestrone (and almost comparable ith that of oestradiol) and 
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the additional therapeutic advantage tlmt it is relatu ely more 
elTective than either of these when administered orally Its 
action is similar to that of oestrone on the uterus of the 
ovaricctomi7cd rat, on the mating reaction, on the vagina and 
uterus of immature rats and on nipple growth in the guinea pig 
(but it shows less action on the mammae thin does oestrone) 
Its esters behave similarly to those of the natural oestrogens, 
the effect being slightly lessened, but prolonged The 
dipropionate is especially elTective 

CH;— CHj— OH 

IhphenyUthane 


HO -o- CH cn- / "V oh 
DiphenylcthyUne 

HO— ^"^V -CH-CH CH 3 
Anol 

CH 2 — ch 3 

HO- ^^V - C C 'V -OH 

CHj-cH* 

SMboesttol 

The compound 4 4 -dihjdroxy-yS diphenyl hexadiene 
has activitv about equal to that of stilboestrol, while hexocstrol 
(4 4’ dihjdroxj-yS n hexane) seems to be even more active, 
producing full oestrus response in rats m a dose of less than 
0 2 y 


The Progestational Hormone and its Derivatives 
Progesterone, C t t II 3e 0 2 crystallizes in two isomeric modifica 
tions the # form, melting at 128 5° C and the /? form melting at 
121-122° C These cry stal mollifications both possess pr icttcallv 
the same ph> siologieal activ it} (cf 04) It lias been prepared 
by Butenandt from stigmasterol, the sterol of soj bean oil 
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Anhydro oxy progesterone a synthetic product the 
pregneneinolone or ethinyl testosterone of Inhoffen and 
Hohlneg and Ruzicka is according to Emmens and Parkcs (56) 
equally activ e in progestational properties whether gi\ en orally 
or by injection Its activity is about one tenth of that of 
progesterone In addition it shows some oestrogenic acta itv 
(causing growth of the immature uterus) and weak androgenic 
activity as judged by the comb test 

Pregnanedtol C lx H M O t was isolated from the urine of 
pregnant women independently by Marrian (133) and 
fiutenandt (1") It has no physiological activity but is one 
of the chief excretory products of progesterone and its estima 
tion m urine has prov ed to be of important phy siological and 
diagnostic \alue It is excreted as sodium pregnanediol 
glycuronide (see below) in human urine and has also been 
isolated by Marker Kamra and McGrew (222) from urine of the 
pregnant mare 

Excretion of Sex Hormones and their Degradation Products 
While beta-oestradiol has been isolated from the urine of 
pregnant mares (92) and oestradiol from that of pregnant 
women (50b) definite proof of the excretion of unchanged 
testosterone does not yet appear to be available 
Androsterone is the principal androgenic compound excreted 
in the urine of men and women It has been isolated in 
cry stalline form from w omen s urine to the extent of l 3 mg 
per litre while dehy droisoandrosterone has been obtained in 
yield of 0 2 mg per litre These figures are comparable with 
the y lelds from men s urine (25) Excretion of androgens m 
male children is slightly higher than in female children of the 
same age (152a) 

According to Koch man excretes daily 03 to 08 international 
units (capon units) of androgens and 9 to 12y of oestrogens 
(calculated as oestrone) woman 42 to 50 I U of androgens 
and 18 to 30 y of oestrogens Hamblen (83) gw es lower figures 
for androgens for normal women Male castrates excrete v ery 
little androgen eunuchoids excretion is below normal in cases 
of gy naecomastia there is no excess excretion of oestrogens but 
in cases of vinlism in women there is a tendency to low excretion 
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of oestrogens and somewhat increased excretion of androgens 
(105) which is probably m whole or in part accounted for by 
androgenic compounds from the adrenal cortex (cf Chapter \ 
pp 211 217) Indeed all the androgens of normal womens 
mine may be of extra ovanan origin (cf 83 24) 

All androgenic material in fresh male human urine is present 
m conjugated form (125) Androsterone and dehj droisoandro 
ttewivt are. excreted as gljcwnwwd.es (Koch arid others) 
Oestrone is excreted as a conjugated sulphate in the urine of 
pregnant women and pregnant mares (201 181 22) one may 
reasonably presume that it is present in this form in the urine 
of non pregnant women also Oestnol is excreted as a 
gly curomde it has been isolated as sodium oestnol gly curomde 
from pregnancy urine (33) 

However at the mid inters al of the menstrual cycle there is 
a sudden appearance of free oestrogen in the urine possibly due 
to its liberation in the follicular fluid from the ruptured follicle 
at ovulation and peritoneal absorption and excretion too rapid 
to permit complete conjugation Free oestrogen is also present 
in slight amount just before the onset of menstruation (158) 
7ondek has shown that stallions unne (ami testes) are 
relatively \ ery rich in oestrogenic material (220) the urine 
definitely contains oestrone (29) The urines of the stallion ram 
and bull contain relatively little androgenic material (lvoch) 
\eruung and Browne (209) showed that jrogesterone is 
excreted in urine as sodium pregnanediol gljcuromde and have 
devised a method of estimating the latter bj which they have 
shown that its excretion commences within forty eight hours 
of ovulation in women and ceases twenty four to forty eight 
hours before menstruation commences They hav e also show n 
that the compound is excreted during pregnancy Their w orh 
has been confirmed by numerous observers (eg 78 221 200) 
Wilson Randall and Osterberg (221) state that the pregnanediol 
compound may be excreted m the late proliferate e stage of the 
endometrium indicating that there is an interval of time before 
progesterone produces the differentiation (progest itional) stage 
During pregnancy there is an a\ erage daily excretion of 5 to 10 
mg during the first four months w hich then rises rather sharply 
to an average of 25 mg in the fifth month and then more 
slowly to an av erage of 54 mg in the ninth month (though there 
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are large \anations in the actual figures for different w omen) 
The excretion falls to less than o mg b) the fourth da\ post 
partum (Their results indicate that during the first four 
months of pregnane) the corpus luteum is responsible for the 
progesterone and subsequent!} the placenta ) 

In addition to pregnanediol it has been show n b} Varker 
Kamm and McGrew that during pregnancy w omen also excrete 
the isomeric allopregnanediol and traces of epi alio pregnane 
3 ol 20 one (a compound which possesses androgenic aetn it) of 
the same order as androsterone) and epi pregnane 3 ol 20 one 
all of which must be cons dered as probable degradation 
products of progesterone (222) 

The Chorionic Gonadotrophic Hormone A P L Evidence 
strongl) indicating the non ldentits of A P L w ith either of the 
gonadotrophic hormones of the anterior pituitar) will be 
submitted later In the meantime it will be assumed that this 
hormone is produced pnmanl) by some part of the fertilized 
ovum immediate)} after it becomes embedded in the uterine 
wall (or that of one of the tubes) and subsequentl) from the 
corresponding foetal part of the placenta and continues to be 
produced from th s source until detachment of the placenta 
either at normal parturition or at abortion 

As has been stated two sources of the hormone are as ailable 
the placenta itself as Collip showed and the urine of pregnant 
women as Zondek first demonstrated 

Collip purified A P L from placenta to the stage at which it 
could be used therapeuticall} the purified material behased 
as a protein Bischoff and Long (7) stud) ing a preparation 
from urine of pregnancy found that it was stable to moderate 
excess of nitrous acid formaldeh) de acetaldehs de and 
lodoacetate The) could obtain no e\ulence of the existence 
of more than one gonadotrophic hormone in urine of pregnane) 
Gunn Bachman and \\ ilson (77) by prehminar) absorption 
on benzoic acid and extraction with aqueous acetone or 50 per 
cent alcohol obtained highl) purified preparations (containing 
from 1 000 to 3 000 minimum efiectn e doses per milligram as 
tested b) the Friedman test on rabbits) and show ed that these 
preparations contained a carboh)drate polypeptide with the 
properties of a mucoid Hexosamine and aeet)l radicals were 
present pentose ketohexose and uromc acid groups absent 
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Hie purest preparations contained two hexose radicals per 
hexosan The non hexosammc radicals appeared to be 
galactose 

A gonadotrophic hormone is present in the serum oC the 
pregnant mare, which probably is formed in placental tissue, 
but which appeirs to differ from A PL, possessing activity 
more closely resembling the combined actions of the two 
gonadotrophic hormones of the anterior pituitarv (cf , eg, 
154b) Carthnd and Mason (28) has e made highly concentrated 
preparations of this hormone Rinderhnecht (109) also effected 
marked concentration, by precipitation with sulphosahcjlic 
ncid and fractional precipitation -with acetone, obtaining finally 
a white powder, soluble in water 

Ihe hormone in the blood serum of pregnant women resembles 
in actiwt}, and is probably identical with A P L (10) 

Functional Activities of the Hormones Concerned with 
Reproduction 1 

Introduction The hormones concerned are it will be 
remembered the follicle stimulating and luteinizing hormones 
of the anterior pituitary, similar hormones from chorionic 
tissue prolactin, the androgenic hormones of testicular origin 
m the male, the androgenic hormones of adrenal cortical ot other 
origin in the female, the oestrogenic hormones in the male and 
in the female, and progesterone of the corpus luteum (while 
perhaps the formation of some progesterone in the adrenal 
cortex — cf Chapter V, p 215 — should not be forgotten) 

1 Tlx. rni Id publication of small fragment nrj papers necessitated in 
part perhaps by forced competition is nowhere better exemplified than 
in physiological studies of the gonads The confusion w hicli results from 
this mass of material often contradictory has been fortunately partly 
dispelled by fairly frequent admirable reviews such as those of Martian 
and Butler (123) \\ intersteiner and Smith {2*2) and I reud Laqueur 
ond Mul I bock (00) ul successive volumes of the Annual Jievtav of II to 
chemistry and of Evans (57) in the corresponding Annual /ferine <>/ 
Physiology and of Koch Corner, Newton and Snyder In Physiofogx-ul 
fieri ms In these, in the annual articles by Sev rmghaus in the 1 ear Booh 
of Neurology rsycl talry and Endocrinology (18.)) in numerous articles in 
\ol \ of the Quanlitatne Symposia of Quantitative Biology (201) and the 
recent monograplis of Reynolds (108) and of Tluhmann (00) there are 
copious references and these reviews will therefore be largely quoted to 
avoid an unwieldy list of references in this volume It is quite impossible 
to deal with the whole literature here 
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Man} of these can act alone , others, for example 
progesterone, need for their action tissues prepared by other 
hormones In still other cases, as for example, when both 
oestrogens and androgens are present, normal results may 
depeiid perhaps upon the maintenance of some degree of correct 
balance between them while differences in relative amounts 
may be the determinative factor for sex (cf 57) 


Reproductive Activity in the Female Animal 
Eients Preceding Ovulation Under the influence of the 
follicle stimulating hormone of the anterior pituitary some 
proportion of the follicles of the ov ar> enlarge with potential 
production of oestrogen UltimateJ} the stimulation effects 
rapid growth of a number of Graafian follicles, with resultant 
rapid increase in the output of oestrogen, and then one or more 
of these follicles rupture — the aetual number varying in 
different species — with discharge of one or more ova The 
infundibulum of the apposed Fallopian tube is alternate!} 
exposed to each side of the neighbouring ovary and cibate 
movements assist the transfer of ova to the tube (168) 

The actual rupture of a follicle seems due to increased osmotic 
pressure of its own fluid contents (194) Its ovum is slowly 
extruded in an oozing mass of fluid (108) The process 
apparently needs no nervous control for it can occur jn 
apparently normal fashion after all nerve connections to the 
ovary have been severed, and has occurred in transplanted 
ovaries of man} species Yet potential nervous influences 
producing for example, dela} in ovulation, cannot be entirel} 
disregarded (Hmsey, 201) 

Site of Production of the Ozarwn Hormone, and its Nature 
Zondek and Aschheim (226) concluded from study of the 
comparativ e effects produced by implants of different ov anan 
tissues that the hormone is present in the theca interna cells, 
and especially m atretic follicles, but is absent from the follicular 
granulosa, ovarian stroma, and germinal epithelium Comer, 
m a recent critical review of the available evidence (42) 
concludes that the site of production is most probably the theca 
interna of follicles of all sizes 

It is usually considered that the actual hormone of the ovary 
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is oestradiol and that oestrone is produced from it (and is 
perhaps to be regarded since it is relativ ely so much less nctiv e 
as the first degradation product of oestradiol) If this he the 
case then in some sj ecies some oestradiol must be com erted 
to ocstrone within the os ary itself since for example Doisj 
has shown that 1 kg of sow ovarj contains 0 014 mg of 
oestradiol and 0 010 mg of oestrone the oestrone being 
responsible for la per cent of the total oestrogenic activity 
On the other hand con o\ aries do not appear to contain 
oestrone (214) Smith and Smith base obtained evidence that 
the human ovatj can not only convert oestradiol to oestrone 
but also ocstrone to oestradiol (103) 

Sequelae io Oiulation The formation of corpora lutea m the 
ruptured follicle has alreadj been described (cf p 2ul) 
Progesterone is probablj formed m the lutein cells the cells 
specific to the corpus luteum 

The unruptured Graafian follicles continue to produce 
oestrogenic hormone Corpora lutea of certain species produce 
oestrogen also This is not surprising since these corpora lutea 
contain both epithelcoid layers of the follicular wall The 
corpora lutea of the sow yield 60 to 80 rat units of oestrogen 
per kilogram of fresh tissue those of women 2 000 to 3 000 rat 
units or c\ en much more per kilogram (42) 

The aho\e data suggest the need for oestrogenic activity 
concurrentl) w ith that of progesterone 

P/iysiolpgicnl lctmlies of Oestrogen* and Progesterone tn 
Ablet e of Pregnancy Oestrogens stimulate the earl) growth 
of the atenis and maintain it the atroph) of the uterus which 
follow s nnectom) and which sets m after the menopause 
can tp presented bj administration of oestrone or oestradiol 
(3 lofy 

Qes.rogens prepare the uterus and tubes for the stimulation 
of pritesterone which follows the frst and each succeeding 
ovulation the oestrogenic hormone is responsible for the 

I rc ovulatorj growth of the uterus in each oestrus c>cle (168) 

I I e principal effects produced are a generalized h) pcraemia and 
follow iip this increased vascularity increased growth of tie 
ei lometrmm with mitoses in glands and epithelium of this 
tissue In the atroph) mg gland after ovanectonty these 
changes begin a few hours after injection of oestrogen an l arc 
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accompanied by increased oxy gen consumption The tubes 
ire similarly affected During tins pre ovulation period (in 
woman and the female monkey) the uterus contains little or no 
glycogen (168 and Allen, 201) 

Progesterone is reponsiblc for the post ovulatory changes 
in the uterus , oestrogenic stimulation must precede to enable 
a response to it For normal post ov ulatory dev elopment of 
the uterus concurrent action of both progesterone and oestrogen 
seems necessary, though excess of oestrogen presents proper 
endometrial response to progesterone (1C8) 

Progesteroite produces secretory changes in the endometrium, 
still further augments its blood supply , and by some mechanism 
still unknown, causes deposition of glycogen (for nutritive 
purposes), especially m the most superficial glands of the 
corpus uteri (168) 

The actions of oestrogen and of progesterone are directly on 
the cells of the uterus ^ry minute doses of crystalline 
progesterone introduced directly within the lumen of the 
uterus of the rabbit previously sensitized -with ocstrone 
produce the characteristic progestation proliferation of the 
endometrium (131) 

Changes in the vaginal epithelium indicated by those in the 
vaginal smear, and resulting from the effect of oestrogen hav c 
already been dealt with (p 256) Mucification of the vaginal 
epithelium may be due to sy nergistic action of balanced amounts 
of oestrogen and progesterone (222) Experimental admimstra 
twn of oestrogen causes a lowering of the pH of the vaginal 
fluid of monkey s while subsequent treatment with progesterone 
leads to a rapid rise of pH, such a rise generally precedes 
menstruation (52) Changes in glvcogen content under such 
treatment indicate that lactic acid production may determine 
the pH (222) 

The patterned co ordinated muscular activ lty in tubes and 
uterus which Reynolds stresses (168) is initiated by oestrogen 
Contraction w aves commence m the my ometrium of the tubes 
and spread to the uterus When these changes are produced 
in the experimental animal, such motihfcy follows the initial 
hyperaemia by a latent period of dehmte length which is not 
affected by increase of dosage and is induced by oestradiol 
oestrone, or oestriol Progesterone inhibits tins rhythmic 



278 


SEX HORMONES 


motility Quiescence of uterus and tubes sets m at v amble 
periods after ovulation m different species It is abolished by 
experimental removal of the corpora luteo and therefore of 
progesterone Knius lias shown that in pesudo pregnancy in 
the rabbit — which is in the post ovulatory state — the uterus 
will not contracHollowing injection of pituitrm At tins stage 
also, injection of oestrogen does not lead to juotihty But after 
reniov al of the corpora lutea (or after hy pophy sectomy which 
results in their atrophy) normal response to oestrogen or to 
pitiutrm quickly follows (168) (Howetcr, presence or absence 
of corpora lutea does not affect uterine response to posterior 
pituitary extracts in the rat, mouse guinea pig and cat (57) ) 
Recent important w ork throws a little light upon the chemical 
changes accompanying the physiological phenomena just 
described Pmcus and Zahl(165) found that if oestrone is 
administered to a pseudo pregnant rabbit or to an o\ ariecto 
mixed rabbit that is being treated with progesterone oestriol 
nppears m the urine This docs not occur in hysterectomized 
animals, so that the uterus is essential for the change from 
oestrone to oestriol Smith and his confreres (195) has c plotted 
curves of the excretion of total oestrogen oestrone and oestriol 
during the menstrual cycle and during pregnancy in women 
and their results are m harmony with the assumption that 
oestraihol of the o\ aries is comerted to oestrone and that the 
degree of comcrsion of oestrone to oestriol depends on the 
amount of progesterone present Browne and A enmng (14 210) 
ha\ e shown that when progesterone is injected intramuscularly 
into a patient with intact uterus 40 to 46 per cent is recoverable 
m the urine as sod mm pregnanediol gly curonide In bysterecto 
inized patients so treated no pregnanediol is reeo\ erable, though 
if pregnanediol i tself is injected the same proportion is recov ered 
Hence it is trv ident that uterine tissue is needed to bring about 
this change and it is probable that almost all progesterone is 
normally comerted to pregnanediol in the uterus 1 
The progesterone pregnanediol and oestrone oestriol changes 


1 At Jeast in males some other tissue can traasfonn progesterone to 
pregnanediol Buxton and IVcstphal (23a) have observed that when 
JO mg of progesterone were given daily to two men with Addison s disease 
and to one nom al man sodium pregnanediol gly curonide could be isolated 
from their urine Adult monkeys given progesterone do not excrete 
pregnanediol i emale rabbits and cats do not normally excrete it 
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are obvious!) interlocked Marxian (134) believes that 
progesterone acts as a hydrogen acceptor in the formation of 
oestnol from oestrone 

Oestrogens stimulate the development of the maramarj 
glands, though the mechanism of action, and whether it be 
direct or exercised through the pituitary, is still not definitely 
known (cf 153) However, the observation of MacBryde (122) 
that application of oestrogen in ointment to breasts stimulates 
their growth, and that if the treatment be confined to one 
breast the growth is limited to that breast strongly suggests 
that the action is direct 

The female pattern of hair distribution is due to the action of 
oestrogens This specific pattern develops precociously in 
young girls with granulosa cell tumours which produce 
oestrogen (cf p 298), while no abnormal distribution occurs in 
women with anovulatory cycles (cf p 289), s6 that it does not 
appear to be in any way under the control of progesterone It 
may be assumed that other female sex characters are controlled 
by oestrogens 

Some curious observations hav e been made by Hamilton (84), 
which indicate that tanning of the skm by ultraviolet ravs of 
sunlight is due to the production of some colourless precursor 
which needs the presence of gonadal hormones for a photograph 
like “development,” both androgens and oestrogens being 
effective 

The deep reddening and swelling of the “ sexual skm ” 
(covering the external genitalia) of monkeys is the result of 
oestrogenic stimulation, and has been produced in ovariecto 
mixed monkeys and baboons by injections of oestrogenic 
extracts (3) , it is maximal at time of ovulation (60) The nasal 
mucosa of the intact monkey responds to oestrogen in a specific 
manner, especially in the middle and inferior conchae which 
exhibit reddening and swelling In normal animals this nasal 
sex activity occurs cyclically and pre menstrually A similar 
phenomenon occurs in women (148) 

Oestrogens injected into rats of both sexes initially cause 
pituitary enlargement, and can thus indirectly through 
pituitary stimulus produce formation of corpora lutea in female 
animals, enlargement of the adrenal cortex, and increased 
thyrotrophic activity and basal metabolism Sely e and Collip 
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found tliat when oestrone is administered to hypoph) sectonuzcd 
rats whose ovaries were maintained m normal condition b> 
administration of anterior pituitarj extract, enlargement of the 
ovaries was produced suggesting direct action of oestrogen on 
the ovary Chronic treatment of normal animals w ith oestrone 
causes atrophy of the gonads presumably through inhibition 
of the gonadotrophic activity of the pituitary (I8o) (Cf 
also 44*. \ 

Fate of Ota Fertilization of ova must occur within a 
relativelj short period after their liberation or does not occur 
at all Two factors limit the possibility of fertilization within 
this timemtenal the death within two or three dajs of 
spermatozoa at the temperature of the body (103) and early 
changes at the outer surface of the ovum which becomes 
env eloped by a layer of protein nature rendering it impermeable 
to spermatozoa (168) 

\\ liether fertilized or unfertilized ova pass down the tubes at 
first rapid!) under the influence of the rh) thnuc contractions 
then more slowly, when progesterone from the newh formed 
corpora lutea has inhibited the niotilit) A definite time is 
needed for each species to permit adequate preparation of the 
uterus for nidation Thus if motility of the tubes in rabbits 
and mice m undulj increased b\ injection of oestradiol 
passage of fertilized ova can be accelerated but they thereupon 
disintegrate in the fluid of the unprepared uterus (57) 

Passage through the tube lasts three da>s m the monkey 
after which the fertilized ovum remains six da) s m tlie uterus 
bathed m the nutntne juices furnished by the maternal 
glands (88) The time periods in woman are probabl) about 
the same 

Under normal conditions the unfertilized o\um dies during 
passage and passes out of the uterus The fertilized mum 
after a period varying with the species penetrates the surface 
of a uterine endometrium properly prepared for its reception b) 
progesterone If fertilization does not occur the lower mammal 
returns to a condition of anoestrus primates menstruate 
The Cycle of Pregnancy The fertilized ovum read es the 
lumen of a uterus prepared for nidation by the combined action 
of oestrogen and progesterone and well stored with gl) cogen 
as just stated after a period varying with the species the ovum 
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embeds itself in the endometrium In man and the chimpanzee 
implantation is interstitial, in the monhej superficial (87) 
\\ ith this embedding the long cycle of pregnancy commences 

In the higher species of mammals the o'vanan cjcle is in 
abeyance during pregnane}, presumablj through chronic 
oestrogenic stimulation of the anterior pituitary and resulting 
depression of the gonadotrophic function of that gland Ovarian 
follicles grow and mature, but do not ovulate as a rule (In the 
rhesus monkey there maj be one or two abortne ejeles which 
seldom reach the stage of bleeding Two cases of women with 
bicornate uteri lia\ e been reported in whom periodic bleeding 
during pregnancy was observed ) The low er species of mammals 
\arj in this respect The oestrous cycle continues in the rat, 
and some stages of it occur in the guinea pig Ovulation can be 
induced experimental!} in the mouse without abortion following 
It occurs spontaneously in the horse, while in the cow follicles 
tend to enlarge, with occasional oestrus (197) 

During pregnane} m the rabbit both tubes and uterus remain 
quiescent for a long period and actn it} of the tubes no longer 
spreads to the uterus which does not exhibit spontaneous 
motilit} until late in pregnane} Grow th of the uterus is due to 
a combination and alternation of hormonal stimuli and of the 
distension stimulus of growing foetuses and their placentae (168) 
of combined uterine and foetal origin 

The placenta contains gl} cogen whose storage in this tissue, 
as m the uterus, is probably to be traced to action of 
progesterone The placenta also contains oestrogens, and 
progesterone 

According to Dois} , 25 per cent of the oestrogenic activit} of 
the human placenta is due to oestrone, the remainder to non 
hetomc compounds (presumably chief!} oestriol and its esters) 
Oestnol and its ester emmemn, ha\e been prepared from 
placenta Both oestrone and oestradiol are present and haie 
been isolated (214, 50 1 ) It does not necessanl} follow, of 
course, tliat these compounds are formed in placental tissue 
But when o\anectom\ is performed on the pregnant mare at 
the 200th da} of pregnanev, her urine continues to contain 
oestrogenic compounds which mutt therefore ha\e an extra 
o\arian source And there is evidence, though it needs 
confirmation, that oestrogenic compounds are also present in 
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the urine of pregnant women after double ovariectomy 
Newton is of the opinion that the balance of evidence indicates 
that placental tissue can produce ocstrogens but is insufficient 
to show that it produces the large amounts excreted during 
human pregnancy (154) CorneT believes that to the extent 
that production of oestrogens is extra ovarian it is almost 
certainly in the placenta (42) But Bejnolds considers that 
there is no evidence for the placental production of oestrogens 
in the mouse rat or rabbit (168) It may be remarked that 
emmenin is only associated with the placenta and the urine 
of pregnancy and that there is no evidence to suggest that 
this ester of ocStriol is formed elsew here than m the placenta 

It has been mentioned that following embedding of a 
fertilized ovum the corpus luteum persists and enlarges (p 2a°) 
though the need for its persistence seems to var) in different 
species Snyder (107) has recently rc\ icwed the evidence 
bearing on this particular point In the opossum rabbit and 
mouse the corpus luteum is essential throughout pregnane) 
In the guinea pig its removal does not necessarily lead to 
abortion after the o\ a are implanted In the cat ovanectom) 
at the forty sixth da) of pregnancy leads to abortion but at 
the forty ninth da) does not In women ovariectomy at the 
thirty fourth da) and in the female rhesus monkey at two 
months does not necessanl) lead to abortion In the mare 
and female donkc) there is no corpus luteum present m the 
latter part of pregnane) 

The corpus luteum when present continues to prod ice 
progesterone In sows biological tests demonstrate tl c presence 
of that compound m corpora lutea unt 1 the last ten days of 
pregnancy (57) 

The question at once arises Is a supply of progesterone 
needed throughout pregnancy in species which do not need a 
persistent corpus luteum and if so from what other source is it 
available ? 

It will be remembered (cf p °72) that in women pregnanedio! 
is excreted throughout pregnane) an 1 in amount which rises 
sharply during the fifth month an 1 then continues to rise its 
excretion ceasing abrupt!) j ist after parturition which 
certainly suggests a placenta? origin As "\ewtm pout* 
out (154) after the sixtieth day the amount excreted is greater 



FUNCTIONS OF SEX HORMONES 283 

than at any time dunng the menstrual cycle Further the ratio 
of oestnol to oestrone in urine continually increases during 
pregnancy (CO) indicating that progesterone is functioning 
normally Isewton states that the presence of small amounts 
of progesterone has been definitely demonstrated in placental 
tissue (154) It seems \ ery probable that at least in some 
species for which continuing corpora lutea are not essential 
progesterone is needed throughout pregnancy and must be 
available from other tissues It is a natural supposition that 
the placenta takes on this function vicariously but final 
ev idence is still needed (cf 1C8) 

The duration of pregnancy is to some extent under expert 
mental control Delay can be caused in mice by suckling 
young or by injection of progesterone and in rats by injection 
of extracts of the anterior pituitary Such delay results in a 
parallel delay in development of the foetuses and in parturi 
tion (197) If rabbits normally at term on the thirty second 
day, are injected with APLon the twenty fifth day ovulation 
is induced w ith production of fresh corpora lutea and parturi 
tion is delayed to the fortieth day (That the delav is due to 
the new supply of progesterone is shown by the fact that 
injection of crystalline progesterone itself will cause it (91) ) 
The foetuses continue to grow and remain alive for three days 
past normal term then die but the placenta still functions 
after their death so that onset of labour cannot be due to 
changes in the foetus or the placenta or to mechanical 
distension of the placenta (197, 107) 

The pharmacological action of oxytocin of the posterior 
pituitary in causing uterine contraction in vitro (cf p 884) 
suggests that oxy tocin may well be a normal factor in induction 
of parturition The evidence in fav our of this view is inadequate 
and it has even been shown that in the experimental animal 
parturition can occur after hypophysectomy \ et it has also 
been shown that the oxy tocic activ ity of the blood is depressed 
during pregnancy but is increased abov e normal at term (30) 
and further that free oestrone appears to sensitize the uterus to 
the actum of oxytocin and that free oestrone instead of its 
esters becomes av ailable just before parturition (6 173 136a) 
furthermore just before parturition the excretion of oestnol 
in urine decreases and that of oestrone increases (66) Smith 
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suggests that this increase of ocstrone is the determining factor 
leading to onset of labour (105) (A case is on record winch 
showed a marked rise in excretion of free oestrogen before 
abortion at the fourteenth week (150) ) While therefore there 
is xerj much in fas our of the view that oxjtocin is imolvcd in 
normal parturition (cf also 197) jet Reynolds considers that 
the actual mode of contraction of the uterus in labour does not 
resemble that induced by oxytocin (168) 

The endocrine control of reproduction does not cease at birth 
of young , their food supply has been prepared Ocstrone lias 
stimulated directlj or through the pituitarj the mammary 
glands to tlie stage of storage of secretorj products Prolactin, 
from the anterior pituitary, stimulates an actual flow of milk 
and its stimulus is enhanced bj nervous reflexes set up through 
the act of suckling (172, 188) Maternal behaviour itself seems 
to be under control of prolactin (cf Chapter ^ III) 

Hormonal Control of Reproduction m Women and Female 
Monkeys A simple stiaightforward account of the endocrine 
factors concerned with reproduction in female animals is very 
difficult because of the marked differences between the oestrus 
cycles of the lower mammals and the menstrual ejeles of 
primates, and further, because of lack of sufficient know ledge 
of many factors needed for adequate comparison of hormonal 
relationships during pregnancy of different species In the 
foregoing paragraphs matters have been dealt with which seem 
to be common to a number of different species In this section 
certain aspects of the subject will be discussed particular!} 
relating to the primates and especially to woman 

The initial stimulation of gonadal development under 
pituitary stimulation is the same in primates as in lower 
mammals The young girl is virtuall} asexual for seven or 
eight years and then in order, with increasing production of 
oestrogen, commence the development of the female pelvis 
the breasts, and pubic hair, and ultimately the first menstrua 
tion occurs (60) to be followed by others at irregular but 
decreasing intervals until ejele follows ejele with a moderate 
degree of regulantj The earlj ejeles may include ovulation, 
but not infrequently ovulation does not occur 
The general sequence of events m the genital tract from 
ovaries to \ agina is v ery similar throughout mammals 
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Dickenson’s results from rectal palpation of women show that 
in them the same relationships hold Motility of the uterus is 
greatest during maturation of the follicle (when oestrogen 
output is maximal) It subsides to quiescence as the corpus 
luteum forms and produces progesterone and shows a secondary 
increase m actis ltv just before menstruation (when progesterone 
output is decreasing) (168) (The high degree of sensitivity of 
the human uterus to progesterone is exemplified by the specific 
relief afforded by a single minute dose m the great majority of 
cases of ‘ after pain (168) ) 

The uterus undergoes the same types of change m primates 
as in the lower mammals The basal layer of its endometrium 
responds to oestrogen generating and in each new cycle 
regenerating a functional lajer which is subsequently con 
verted by progesterone action to a receptacle suitable for 
i fertilized ovum If no fertilized ovum nests within it the 
functional lay er is cast off and the cy clc is finished by men 
struation 

Menstruation Certain types of bleeding must be clearly 
differentiated from menstruation So called mid mtenal 
bleeding ’ of women and female monkey s the pro oestrous 
bleeding of the bitch and the oestrous bleeding of the cow occur 
at about the time the Graafian follicle reaches full development 
and ruptures In addition both bitch and cow and also the 
guinea pig exhibit some bleeding -which in point of time 
corresponds to the menstruation of primates (60) 

The bleeding at the end of ano\ulatorj cycles in women 
and monkeys can be described as pseudo menstruation for the 
sake of distinction though as far as is at present known onlv 
histological examination of the uterine endometrium (and 
absence of excretion of pregnanediol) enable it to be 
differentiated from true menstruation 

Prior to menstruation glandular cells in the endometrium 
degenerate and secretion ceases Markce transplanted a 
uterine graft of a macaque monkey to its e\ e In the first part 
of the menstrual period under oestrogenic stimulation this 
graft showed a rlivthm of alternate -vasodilatation and vaso 
constriction of certain areas at the time of ovulation vaso 
dilatation was marked Prior to menstruation v asoconstriction 
occurred for a day or so blanching the graft then small arteries 
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dilated and ruptured, the haematomata produced increased m 
size, and finally free blood escaped (60) 

The second (progestational) phase of the uterine endometrium 
needs progesterone for development and also for maintenance 
If nidation does not occur, the corpus luteum regresses and 
output of progesterone lessens Menstruation follows cessation 
ot its stimulus Much evidence supports this view 
Venning and Brownes demonstration that excretion of 
pregnanediol and therefore production of progesterone ceases 
just before menstruation illustrates the close time relationship 
When progesterone is administered m the second half of the 
cycle, m both women and female monkeys the next expected 
period is definitely delayed (222) During surgical operations 
in women excision of a recently formed corpus luteum results in 
menstrual bleeding within forty eight hours although mere 
manipulation of the ovaries which does not affect such a corpus 
luteum does not hasten menstruation But if following 
excision of such a corpus luteum, progesterone is injected, 
menstruation only obcurs in from three to six days (147) 
Massive doses of oestrogen do not hav e this effect (217) 

Since there is some increase in oestrogen output just prior to 
menstruation (06), and since free oestrone (not esters) then 
appears Smith believes that the bleeding of menstruation is 
due to this accumulation of free oestrone itself due to its 
non conversion to oesttiol from lack of progesterone (193) 
Menstruation is undoubtedly under nervous influences to 
some extent Emotional states such as fear of pregnancy and 
anxiety, may inhibit the menstrual How in women (202), but the 
channel of influence, whether through the anterior pituitary, the 
ovary, or the uterus itself, cannot yet be stated (Hrnsey 201) 
Any who have had reasonably large experience with the 
Friedman pregnancy test must have encountered a number of 
cases where the report of a negative result to an unmarried 
woman previously exposed to risk of pregnancy was rapidly 
followed by menstruation, and this time sequence occurring 
two or more weeks after a missed period seems too definite to 
be attributable to chance In such cases there seems no reason 
to suppose that ovulation was delayed, and one must conclude 
that the second stage of the cycle was unduly prolonged through 
some nervous control associated with anxiety 
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In the anovulatory cy cle menstruation or pseudo menstrua 
tion occurs after the usual time mterv al, but cannot be caused 
by cessation of progesterone production Diminishing output of 
oestrogen due to regression of follicles seems to be the probable 
cause (Genital haemorrhage of the new born, with accompany - 
ing enlargement of uterus and breasts, can be similarly 
accounted for, by the stimulus of oestrogenic hormone from the 
maternal organism, and the sudden arrest of that stimulus at 
birth (GO) ) 

Tune of Ovulation Ogino (103) and Knaus (103) from 
accurate studies of menstrual histories of many women, and 
correlation of occurrence of pregnancy with known times of 
coition, drew the conclusion that ovulation must occur about 
fourteen or fifteen days before the next expected period, and 
that, in order that pregnancy can result, coition must occur a 
little prior to, or just following ovulation These conclusions 
were apparently supported by the results of ingenious expen 
ments by Knaus on women (in which uterine contractions were 
recorded by means of inserted balloons kept under low pressure) 
He believed that he w as able to show that the same refractor! 


ness of uterine muscle to pituitnn stimulation existed in women 
during the second half of the cycle, as in the rabbit 

Such conclusions, supporting the theory of the existence of a 
so called “ safe period ” in women, during which coition 
cannot lead to pregnancy, have naturally an important bearing 
both on avoidance of pregnancy and on the induction of 
pregnancy in some proportion of apparently sterile women 
Knaus* experiments on women have been repeated by a 
number of investigators, some of whom have claimed to confirm 
them, others to disprove his results Reynolds (168) comments 
on all such work that investigators who obb med results in 
disagreement with those of Knaus did not suthciently follow 
his directions, the mam ty pe of error of experiment being use 
of too large balloons under too great an internal pressure, and 
thus capable themselves through this pressure of setting up 
uterine contractions Reynolds considers that Knaus’ results 
are, in general, accurate, although the actual time interval set 
by Knaus is too rigid Such a view is supported by many more 
recent observations of quite varying character 

C G Hartman (88, 87) has carried out a series of important 
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studies on female monkey s and Ins demonstrated that the 
menstrual cycle so closely resembles that of women that 
conclusions about one species may reasonablv be transferred to 
the other Ums for example m the young adolescent monkcv 
the length of cycle is very v amble as it is in joung girls In 
older monkeys and in women there is less time spread the 
average length of cycle being four weeks in both though 
individual monkeys show less regularity than individual 
iv omen 

The time of ovulation in monkej s ean be accuratelj detected 
by rectal palpation and occurs on the av erage on the thirteenth 
daj of a twenty eight day cycle that is fifteen days before the 
next expected period In almost all the animals studied 
ovulation occurred between the eighth and sixteenth daj of the 
cycle Hartman concludes that in the monkey there is an 
absolutely safe period during which conception cannot occur 
the fertile days are from the eighth to the twenty first of the 
cycle 

Various autopsv studies on women whose menstrual histones 
were known and in which ova were recovered and the Collides 
which liad produced them were studied have set ovulation at 
between the eleventh and thirteenth day from commencement 
of previous menses (142) 

The electrical potential of the body measured from finger tip 
to finger tin of each hand changes at the mid interval (15) 
Ilock (17o) snowed that when laparotomy was performed on a 
patient just after this change had occurred a fresh ovulation 
was found — olv. the fourteenth day of the cycle Durr has 
recorded a similir case (15) 

Temperature ’studies by Zuek lend further support to 
ovulation at such a period (230) 

Browne and \cnnings finduigs concerning the initial time 
of excretion of pregnanedtol (cf p 272) and data pertaining to 
the occurrence of mid interval pain and mid interval haemor 
rliage are all in good agreement with limitation of the time of 
ovulation to w ithin a relatively short period during the ey cle 

Reynolds’ recent statement undoubtedly represents the 
present v lew of the majority of mv estigators The occurrence 
of ovulation for cycles of average length (28 to 30 days) 
js generally from the 12th to the 18th day Of course it is 
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inevitable that variations occur due to di\ersit\ of the length 
of cj clcs in most mdiv iduals (168) 

While the whole theorj of hormonal control of the ejele 
indicates such an ordered sequence of ev ents that menstruation 
maj be expected to follow ov ulation in an ordered manner and 
after a definite lafise of time jet as has been already pointed 
out (p 286) emotional influences seem undoubtedly able to 
extend this interval by a mechanism still unknown 

Anovulatory Cycles In the monkey anovulatory ejeles are 
the rule during the summer months — the non breeding season — 
and are frequent after pregnancj and during lactation (87) 

ISot only is a condition of amenorrhoea more common m 
adolescent girls during the summer months but there is e\ idence 
that anovulatorj ejeles frequentlj occur In cases where earlj 
coition is frequent jet pregnanev is not usual until several 
years after the menarche fertilitj graduallj increasing (60) 
The endometrium remains in the pre ovulatorj stage and 
curettage towards the end of the ejele detects the condition 
There are no clinical manifestations and as alreadj mentioned 
the lengths of cycles and of bleeding periods are normal The 
cause of this failure to ovulate is not certamlj known but maj 
lie in lack of appropriate pituitary stimulation (cf 60) 

Such cycles are bj no means uncommon during the post 
partum period In a recent stud\ of 194 ejeles of fortj seven 
women all imtiallj nursing but with regular!} occurring 
menses 106 were found to be anovulatorj and eight} two 
ov ulatory as judged by endometrial biopsies In certain cases 
the studies were earned bejond the stage of weaning without 
affecting the type of result It was found that the time of 
appearance of the first ovulatorj ejele in these women was 
irregular and further that occurrence of an ovulatorj ejele 
does not predispose to another ovulation in the succeeding 
cycle (118) 

A P Las a Hormone of Placental Tissue As has already been 
stated preparations of A P L from placental tissue or from 
urine of pregnant women produce effects on the o\ ar\ practicallj 
identical with those of the luteinizing hormone of the anterior 
pituitarj But in absence of the pituitarj of the animal under 
test such preparations produce no maturation of follicles and 
no corpora lutea Prestimulation of the ov arj is needed bj the 
Ka xsdoc io 
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follicle stimulating hormone of the pituitar\ before APL can 
produce its effect It produces m males an increase m size and 
number of the interstitial cells of the testes 
New ton lias recently marshalled the ev idence in favour of the 
production of this hormone by the placenta and against its 
production b\ the anterior pituitary (154) 

Pituitary implants from pregnant women appear to possess 
no gonadotrophic activity although their urine is rich in 
gonadotrophic APL Urine from cases of hydatidiform mole 
and of chorionepithehoma is still richer in APL although 
cs{ ecially in the latter condition there is no I nown association 
with increased pituitary activity 

The results of Kido s experiments are v ery suggcstlv e lie 
has shown that when human chorionic villi arc transplanted to 
the anterior chamber of a rabbit s eye a positive APL test 
(presence of haemorrhagic follicles) is shown by the rabbit s 
ovaries and if tliat rabbits urine is injected into a second 
rabbit its ov anes also show a positu e test for A P L (154) 

\ erv striking also are the results of Gey Seeger and Heilman 
(70) They cultured placental tissue obtained at hysterectomy 
from a tliree months pregnant woman in a medium of 40 per 
cent human cord serum 10 per cent beef embrvo extract 
10 per cent balanced salt solution and 40 per cent chicken 
plasm i Using the Aschheim Zondek pregnancy test on 
twenty one day old rats they found that placental cells produce 
a substance which behaves like APL and when cultured for 
over two months still retain this power which possibly resides 
specifically in the Langhans cells They also round that a 
hydatidiform mole similarly cultured for a month produced 
the same APL efTect Similar experiments with foetal 
pituitary tissue gav e negative results 

As indicating the association of A P L with the ovum itself 
there is c\ idence that when fertilized human ov a two or three 
weeks old arc implanted into rabbits haemorrhagic follicles are 
produced m their ovaries APL appears in human female 
urine very shortly after nidation of a fertilized ovum that is 
as soon as material from the ovum can possibly reach the 
maternal circulation It is thus detectable by the Iriedman 
pregnancy test within a few days after a missed period The 
amount raptdly increases during the first two months of 
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pregnane} , then falls to a lower le\ el, but persists until the 
placenta is completely detached at parturition or at abortion 
The term “ chorionic gonadotrophic hormone ” used b> 
Hamburger and b} Pluhmann obwousU describes it While 
its function cannot be regarded as definitely settled the 
nature of its action strongly suggests that that function is 
to maintain an actne corpus luteum and thus a constant 
supp!} of progesterone for the maintenance of the uterus of 
pregnane} 

A P-L appears in the urine of the pregnant chimpanzee 
between the twent} fifth and thirt} fifth da} of gestation, and 
disappears between the 100th and 130th da\ ft is present in 
the urine of the pregnant monkes for one week onl\, between 
the eighteenth and twent} fifth das s (87) 

It has alrcad} been pointed out (p 27-4) that the gonadotrophic 
hormone of the blood of the pregnant mare is not identical with 
A PL, but is more powerful, possessing properties of both 
gonadotrophic hormones of the pituitar} It suddenl} appears 
in the blood at the time when maternal and foetal tissues first 
make definite contact, almost certaml} indicating its placental 
origin, and it disappears from the blood some hundred da}S 
later (154) This compound is not excreted in the urine 
(Claims haie been made that it has been successfull} used to 
produce experimental o\ulation m women in whom laparotomy 
was about to be performed and that its use has demonstrated 
that under such marked stimulation follicles can grow, 
rupture, release os a, and become corpora lufea in from 
twenty four to thirty six hours (44) ) 

A gonadotrophic hormone is present in the foetal part of the 
pig’s placenta, and such a hormone is sometimes present in 
cow’s urine between the thirty eighth and I50th day of 
pregnancy (154) 

The Menopaitse Permanent cessation of menstrual cycles 
occurring m women in middle life may well be due, as Zondek 
suggests (227), to exhaustion of suitable o^ anan follicular 
material It is ob\ lously a phy siological process, though it is 
not infrequently accompanied b\ pathological manifestations 
W ith the cessation of o\ arnn response to pituitary stimula 
turn, through lack of follicles to respond or to respond normally 
(212a), there is a fairly rapid cessation of oestrogenic output, 

10— a 
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with resulting atrophy of the uterus and corresponding changes 
m the v agma (cf GO) 

Reproductive Activity In the Male Animal In the male 
mammal dev elopment of the testes and their descent into the 
scrotum are due to stimulation of the gonadotrophic hormones 
of the anterior pituitary Both spermatogenetic and interstitial 
elements are controlled In man there is a steady dev elopment 
to puberty At, or just prior to puberty the cells producing 
testosterone (probably the interstitial cells) either commence 
their function or increase it markedly so that development of 
the prostate and seminal vesicles commences and of those 
changes in secondary sex characters which indicate maleness — 
the breaking voice typical hair distribution etc — while 
concurrent stimulation of the sperm producing cells by the 
appropriate pituitary hormone has brought these to a stage at 
winch man is ready to take his share in the reproductiv e cycle 
He remains continuously fertile for a much longer period than 
his counterpart nor is his fertility in any wav cyclical 

The av ulable evidence suggests that testosterone in perform 
ance of its endocrine function is degraded to androsterone and 
dchydroisoandrosterone which possess much less activity and 
are rapidly excreted 1 

Testosterone is relatively less effective in depressing the 
gonadotrophic activity of the pituitary than are the oestrogens 
while its effect on the pituitary of male animals is much less 
than on that of females (104) 

Vicarious Activities and Anomalous Phenomena It seems 
desirable to stress these by dealing with them under a separate 
heading since at least a number of them present puzzles whose 
solutions may influence our interpretation of many aspects of 
gonadal endocrinology 

\ icarious activities are generallv to be explained by similarity 
of chemical constitution and are probably of little importance 

* Callow Ills isolated androsterone from the ur ne of a eunuchoid under 
treatment with testosterone along with aetio cl olanc A 0 ! 17 one and 
has shown that unnos of both normal men and women contain amounts of 
tl ese two compounds of the same order On the other hand since Callow 
and Ins colleagues have shown that tl e excretion of deliydro iso 
androsterone is not increased wl en testosterone is administered to a 
eunuchoid but is u creased in j atients with adrenal cortical tumours 
this cotni ound is [ robablj formed from some one ot the compounds of 
the adrenal cortex and not from testosterone (cf 203a) 
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from the point of v iew of the normal functioning of the organism 
Some instances follow 

lestosterone can stimulate the development of mammary 
glands m the rat, and the production of dense milk in them (41) 
Various androgens exhibit some progestational activity if given 
m sufficient dosage (222) Testosterone will maintain pregnane) , 
with resulting birth of live foetuses, in rats ovanectomized 
during the latter half of pregnane) (72) 

Desoxycorticosterone, though chemically more closelv related 
to progesterone than to oestradiol is stated to be oestrogenic 
m the human female smee when it is administered in the post 
menopausal state there results the t) pical oestrogenic t) pc of 
vaginal smear (180) , the oestrogenic activ lty of the urine of 
post menopausal women ma) thus reall) be due to compounds 
from the adrenal cortex 

Progesterone is androgenic It will maintain and stimulate 
the prostate and to a lesser extent the seminal vesicles of 
castrated male rats, and increase the size of the clitoris of 
female rats (75) 

The excretion of oestrogens b) males and of androgens b) 
females (cf p 271) seems anomalous though it ma) indicate 
that each serves as a balancing agent for the correct functioning 
of its opposite The most outstanding example of the anomaly 
is the richness of stallion s urine m oestrone and its origin in 
the stallion s testis is indicated by its absence from the urine of 
the geldmg(57) Corresponding!) extracts of sow ovaries 
hav e been shown to be androgenic in that the) produce comb 
growth in capons (GG) 

The similar embr) ological origin of testes and ovaries 
suggests that the production of their specific compounds ma) 
well be conditioned by factors external to them such as 
environment, and this is exemplified b> the experiments of 
Hill (222), who has shown that when mouse ovaries are grafted 
into the ears of castrated male mice, the) effect restoration of 
atrophied seminal vesicles and prostate, although abdominal 
transplants will not The results thus indicate that lower 
temperature simulating that within the scrotal sac stimulates 
production of androgen by the ov ary 

It has been shown that administration of testosterone to 
eunuchoids increases their excretion of both androgens and 
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oestrogens the increase paralleling the phy siological effect and 
thus suggesting some relationship between normal testosterone 
activity and oestrogen formation in the male (05) Similar 
results have been obtained with immature monkc\ s (51) 

Abnormal States Associated with the Gonadal Hormones 

Introduction Such states can arise os primary results of 
hypo or hyperactmtj of endocrine functions of the gonads 
or dysfunction if intersexuality can be so regarded or the 
gonads may only be secondarily affected and the resulting 
changes in their endocrine activities thus merely produce 
secondary effects The distinction is of importance for correct 
therapy It is also of comemence to consider m this section 
the potentialities of the gonadal hormones in connection with 
the production of cancer 

Intersexuahty Earlier work suggested that there was an 
antagonistic action between androgens and oestrogens Moore 
(HO) and others considered that such antagonism was indirect 
and exerted through depression of output of gonadotrophic 
hormone from the pituitary 

That the antagonism exists is definite Injection of oestrogens 
depresses male sex organ development and causes prostatic 
hypertrophy the latter effect is counteracted by androgen (101) 
Similarly androgen injected in sufficient amount suppresses 
the oestrous cycle (222) while when testosterone is injected in 
adequate dosage into women atrophic changes are produced in 
the vaginal mucosa (57) 

Recent important work by Greene and Ivy (73) and others 
seems to indicate potential mechanisms for production of 
certain intermediate sex forms When pregnant female rats 
are injected with oestrone or oestradiol just prior to birth of 
y oung the female offspring dev elop hy perspadias w hich indeed 
can be produced in the new born young themselves by injection 
of minute doses into them Male offspring are not affected 
When pregnant female rats are injected with testosterone the 
female offspring show either arrest of development of the 
v ngma or become free martins exhibiting structures resembling 
1 restate and seminal v esicles the general effect being to 
inhibit development of structures from the Mullerian duct and 
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to stimulate development of those from the Wolffian duct 
Again, the male offspring are not affected 

Hypo- and Hyperactivity of Gonadal Hormones Since, 
during pregnancy , oestradiol does not seem to circulate in the 
organism, and the less potent oestrone is largely com erted to 
oestnol and to their still less potent esters, it would seem that 
even normal oestrogenic activity must he damped down to 
allow pregnancy to proceed normally , this, of course, affords 
no evidence that hyperactivity can induce diseased conditions 
Nevertheless, there is evidence that chronic oestrogenic 
hyperactivity produced experimentally can cause a marked 
pathology characterized by cystic hyperplasia of the uterus in 
woman (cf p 813) and by uterine metaplasia and occurrence of 
adenomata in various endocrine glands m rats (cf p 304) 
Chronic oestrogenic hy*poactiv ity on the other hand, should 
lead to changes comparable but less in degree than those 
occurring at the climacteric or following castration— disturbance 
of the menstrual rhy thm ev en to amenorrhoea, and a tendency 
to atrophy of uterus and v agina 
Nothing definite is known of conditions associated with an 
overproduction of progesterone, its underproduction in the 
early stages of pregnancy might well be one cause of abortion 
Oversecretion of testosterone could produce a hyper 
masculinization, undersecretion a persistence of infantile sex 
characters, perhaps associated with some degree of obesity, as 
judged bv the effects of castration 

In endocrine disorders of women associated with ovarian 
function clinical data based upon subjective observations are 
very liable to error, through inexperience, inaccurate observa 
tion, and sometimes even intentional suppression of fact 
Regularity of menstrual flow exists far more rarely than 
patients state, yet accurate knowledge of the rhythm and 
amount is most useful when available (166) Subjective 
symptoms in men such as degree of interest m the opposite sex, 
and of potency , are also particularly open to criticism, especially 
m considering the possibility of hyperfunction (cf 166, 176) 
The effect of the psy che can be a pre eminent source of error in 
Uncritical examination 

The critical evaluation of data, applied recently b\ Hamblen 
to consideration of the results of gonadotrophic therapy (80), 
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applies in general to stud} of diseases in women associated with 
abnormalities of gonadal hormones He lists the possible 
objective observations as (i) whenever possible which is of 
course, ver} seldom, direct inspection of ovaries in stlu at 
laparotomy , (u) microscopic study of uterine endometna 
obtained at biopsy or curettage , (m) investigations of cyto 
logical characteristics of vaginal fluid and of specimens of 
vaginal epithelium obtained at autops} (iv) determination of 
hormonal litres of blood and urine , (v) objectiv e observ ations 
on alterations in the genital system and the accessory sexual 
system and (in) X raj studies of the skeletal system In 
addition diagnostic checks can be provided by study of ovaries 
or uterus removed at operation when such operation is carried 
out 1 


1 It is convenient to add some brief notes here on the available biological 
and chemical tests They ore often potentially useful of course in con 
trolling treatment, os well as for diagnostic purposes 
The existence of some degree of rhythmicity in the human vaginal 
smew has been demonstrated (cf p 258) and Papanicolaou and 
Shore (101) have shown that the smear test can be used to Indicate the 
effect of oestrogenic treatment at the menopause 

Biological tests based upon the ongma! Allen Doisy test with rats are 
available for both unne and blood For blood two somewhat differing 
techniques are available due respcctheH to Frank and to Fluhmann 
nicy both need a considerable amount of blood so that a senes of tests 
on the same patient is undesirable, while the results they jield are not 
entirely in agreement (CO) 

Chemical tests simple enough for clinical use and which would 
differentiate between and yield sufficiently quantitative data concerning 
the different oestrogens, are not yet available for blood or unne the 
presence of these compounds In ester combination adds to the difficulty 
of estimation Nevertheless It is to be expected that before long such 
tests will be available for both oestrogens and androgens Recent papers 
bj Callow (2-1) and by Smith et al (100) giv e some idea of present progress 
The excretion of pregnanediol w available as a gauge of the degree of 
function of the corpus lutcum (cf p 272) But it is Important to remember, 
in employing it for diagnostic purposes that as Hamblen (82) has pointed 
out correct pregnanediol gljcuromde excretion depends on four factors 
(i) the presence of one (or more) normal corpora lutea In the ovary, (ii) a 
normal endometrium to transform progesterone to pregnanediol (ui) normal 
hepatic function to conjugate the pregnanediol and (iv) normal renal 
function for its excretion Failure of any one of these factors will lead to 
abnormally low excretion 

The 7ondck and Ascliheim test for pregnancy using mice (170 4.) and 
the Tnedman modification using rabbit* (67) are in reality tests for the 
chorionic gonadotrophic hormone A F L and therefore yield positive 
TCJuVci WSWW3 fwwa cases of pregnancy, incomplete abortion hydatid! 
form mole and chononepithelioma (as well as with certain cases of teratoma 
of the testicle in man) They are remarkably accurate, as is also the 
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Of the abov e (i\ ) and (v ) apply also for men 

Castratwn Prepubenl castrates are rare among women 
The available evidence is in agreement with that concerning 
experimental castration in young animals — there is arrest of 
sexual development and even some degree of regression 
Surgical removal of the ovaries during the reproductive period 
through cancerous or other lesions leads to gradual regression 
involving all the other sex organs and sex characteristics 
Certain subjective changes are prominent — nervousness hot 
flushes irritability and fatigue The earlier this artificial 
menopause is produced m the reproductiv e period the severer 
may be the resulting symptoms At the natural menopause 
the same changes occur more gradually and at least 50 per 
cent of women exhibit the same subjective symptoms (166) 

Werner (213) has made a careful comparative study of 
fifty three castrated women ninety six women in the meno 
pause and forty eight having involutional melancholia He 
classifies the subjective symptoms as nervous (nervousness 
excitability irritability headache etc ) circulatory (hot 
flushes tachy cardia v ertigo etc ) and general (lassitude 
constipation menstrual disorders etc ) and concludes that 
they are accompaniments of ovarian hypofunction or non 
function and points out that there is a striking parallelism 
in the symptoms of the menopause and of involutional 
melancholia 

The effect of castration in the male as in the female leads 
to persistence of infantile characteristics or some degree of 
regression according to the age of castration (cf p 2o 4) A 
recent study by McCartney (123) of twenty Chinese eunuchs 
and three Skopecs illustrates the mental tendency of such 
castrates He found in them typical dementia praecox or 
schizoid characters They exhibited good intelligence and 
orientation hut were introspective and apathetic They could 
talk intelligently but appeared stupid were methodical but 

corresponding test depending on extrusion of ova In the cloaca of the South 
Vfriean clawed toad \enopus turns (ISO) though the use of the latter is 
f m ted by tl e av nilab 1 ty of that spec es of toad The numerous other 
tests chemical and biological for which claims have been made during 
the past few years that tl ey are diagnostic of pregnancy have fortunately 
been shown to be thoroughly inaccurate with sufficient rap dity to prevent 
much harm from tl eir use 
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usually not purposeful, and were cold, passive, and moody 
Some retained sexual function, but without libido (McCartney 
has found that a large porportion of schizophrenic patients 
have abnormal gonadal endocrine function ) 

Rowe s studies (176) are m agreement “ The male castrate 
is the v tctrni of a profound mental depression In Ins mutilation 
he sees the loss of all the sinie qualities that made him male, 
and in this loss resides an unhappiness that tinges all the events 
of life with a sombre hue ” He has quoted some cases exhibiting 
a striking psychological effect following demonstration of a 
partial masculinity , these illustrate the fact that at least m 
adult man, successful coitus is more largely due to psy chic than 
to endocrine control 

There is some evidence that women show an increased 
excretion of androgen at the menopause (83) Castrated men 
excrete only traces of androgens and oestrogens, eunuchoids 
low normal amounts or less, cases of gy naecomastia the usual 
amounts of oestrogens, but androgen excretion mav be low (101) 
Old men and women excrete only small amounts of androgen 
( 66 ) 

Tumours of the Gonads Novak has summarized present 
knowledge (155, 156) , his conclusions arc largely based on 
studies of his own cases 

Gramdosa cell tumours, possiblv adenomas, but usually 
tumours of low grade malignancy' when occurring in young 
children lead to precocious puberty and menstruation, with 
the corresponding secondary sex manifestations The 
accelerated feminization is due to increased production of 
oestrogen by the constituent cells of the tumour Removal 
of the tumour tends to a return to the normal condition of 
the child 

Parks (104) has recently published an account of an excellent 
case The girl apparently developed normally until just over 
four and half years, when enlargement of breasts and growth 
of pubic hair were first observed Three months later slight 
menstrual bleeding occurred After another four months she 
was admitted to hospital, then weighing 51 lb and with a 
height of 40 inches, and thus about the size of an eight year old 
child (cf Tig 41) Breasts and nipples were well developed 
There was abundant growth of pubic hair but no axillary hair 
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The facial expression was more mature than her age X raj 
examination suggested a bone age of at least ten jears 
Mentality corresponded with age At operation a right o\arian 
tumour of granulosa cell type was removed measuring 
8x5x4 cm On the second post operative daj a profuse 
menstrual flow began which lasted fortj eight hours This 



Fie 41 A Rrccoe ous secondary sex characters in a fl\ e year old 
girl with a granulosa cell tumour of the right ovary 
1 recocious skeletal growth as contrasted with that or a 
normal five year-old pat ent B Recession of the secondary 
sex characters fifteen months after operation (From 
1 arks Am J Obat Gyn 1838 xxxvi 674 ) 

well illustrates the relationship of pseudo menstruation to the 
removal of oestrogenic stimulation and supports the \ lew that 
the bleeding in anovulatorj cjcles is also due to this cause 
(cf p 287) There was complete recoverj with recession of 
seeondan sex characters within Fifteen months ( see Fig 41 B) 
Dr Parks informs me tliat on November 4th 1939 (almost four 
years after operation) this child was nine jears old weighed 
76| lb was 5l£ inches high and was the j oungest tallest and 
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brightest girl in her grade at srhool There had been no 
return of the secondary sex characters present prior to operation 
In adult women even when bejond the menopause such 
tumours can produce through excess of oestrone a hj per 
plasia of the endometrium associated with periodic bleeding 
(pseudo menstruation) while it must be borne in mind that 
chronic oestrogenic stimulation of the post menopausal 
endometrium possibly predisposes to adenocarcinoma (laO) 
Curtis (42) has reported a case in a woman of thirtj sl\ 
which is of some interest in that pregnane) occurred six 
months after removal of the tumour indicating that prolonged 
excessive oestrogenic stimulation seems to produce no 
permanent damage on the reproductiv e system 

Granulosa cell tumours occasionally produce hyperfemmiza 
tion effects (156) 

The much rarer arrhenoblaslomata lead to defeminization and 
mascubnization These tumours are believed to originate jn 
certain undifferentiated cells occurring in the region of thereto 
ovarii (tl e female homologue of the testis) The cl meal 
manifestations var) In the extremer cases amenorrhoea 
results the breasts flatten and atrophy a heavy growth of hair 
appears on face chest abdomen and lower extremities the 
contours of the bod) take on a male appearance the voice 
deepens and the clitoris hypertrophies to penis like proportions 
Usually absence of obesit) and striae atrophicae permit 
differentiation from the s)ndromcs assoc ated with adrenal 
cortical tumours and basophile tumours of the pituitarv 
although one case has been reported which rather strongly 
resembled Cushing s disease with obesity present but silvery 
greyish white striae differential diagnosis was only defimtel) 
made at post mortem examination (27) Milder cases ma) 
show only amenorrhoea or amenorrhoea with hypertrichosis 
The tumours are of low malignant t)pe and may show a 
resemblance to testicular structure or be at)pical Removal of 
the tumour leads to slow regression of symptoms These 
tumours usually occur betw een the ages of tw enty and thirt) 
they are rarely found later The )oungest case )et reported 
was in a girl aged fifteen (15o) 

In cases of hydajiiiform mole and chononepitfeltoma there is a 
greatly increased production of A P L and pregnane) tests 



ABNORMAL STATES 301 

afford a means of diagnosis and after expulsion of a mole, of 
ascertaining whether a chononepithehoma dev elops at a 
sufficiently early stage for successful surgery (cf 43a) 

Ihe most interesting type of tumour — from an endocrine 
v lew point — associated with the testis is teratoma of the 
chononepithehoma type Heaney writing in 1933 (89) found 
181 cases in the literature Of these 123 were primarily 
associated with a testicle and only 8 were extra testicular, 
although even these probably had their origin in the urogenital 
anlage When the urine of such patients is tested by Zondek 
and Aschheim or Friedman s test, markedly positive results 
are obtained comparable with those given by the urine of 
women with chononepithehoma especially if metastases are 
present Usually during life these tumours produce no marked 
symptoms of endocrine character Entwisle and Hepp (58) 
have, however, reported a case in which a very small tumour 
of the testicle was accompanied by enormous metastases 
throughout the body marked gy naecomastia was produced 
At post mortem examination the pituitary showed histological 
changes identical with those found m pregnant women 

A condition suggesting hyperacliuty of the corpus luteum has 
recently been reported by Hamblen (81) The patient exhibited 
during the last phase of her cycles ecchymotic lesions poly 
hy permenorrhoea dy smenorrhoea and menstrual headache 
and excreted abnormally large amounts of sodium pregnanediol 
glycuronide Intensive oestrogenic therapy reduced this 
excretion and the sy mptoms disappeared 

Pnmary and Secondary Endocrine Effects The v ary ing causes 
of menstrual disorders illustrate the differentiation stressed at 
the beginning of this section Fiuhmann discusses this subject 
very thoroughly (00) 

Amenorrhoea is physiological when it occurs prior to the 
mcnarche (prov ided that be not delayed) during pregnancy and 
lactation and following the menopause Otherwise it is 
pathological It is a primary effect through loss of endometrium 
of the uterus at hysterectomy, or through extensive necrosis 
following severe puerperal infection (being in this case due to a 
non endocrine cause) 

So called primary amenorrhoea is a secondary effect through 
non development of the uterus, through lack of oestrogenic 
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stimulation presumably through lack of gonadotrophic stimula 
tion from the pituitary 

Amenorrhoea is a secondary effect when lack of ovarian 
stimulation arises from non endocrine causes such as mat 
nutrition morphine addiction alcoholism wasting diseases such 
11s severe diabetes or tuberculosis emotional disturbances 
clnnge of climate etc In some of these conditions the 
pituitdry is also presumably tn the line of communication 
between primary cause and end result but the original cause 
is non endocrine 

It may be a secondary effect in venous diseases pnmiirily 
affecting other endocrine glands than the ovarv for example 
FrBhlich s and Simmonds diseases and acromegaly initially 
affecting the pituitary hyperthyroidism cortical adrenal 
tumour etc 

Oligomenorrhoea and liy pomcnorrhoea are manifestations 
of primary or secondary ovarian deficiency and causally akin 
to amenorrhoea 

Polymenorrhoea is probably associated with vascular 
disturbances due to pelv ic inflammatory diseases fibromy omnta 
of the uterus etc and is therefore probably of non endocrine 
origin Hypermei orrhoea (menorrhagia) may be of endocrine 
but is more usually of non endocrine origin being associated 
with such conditions as pelvic inflammatory disease pelvic 
lesions which interfere with uterine contractility post partum 
or post abortion inflammation certain blood dy scrasias etc 

Metropathia haemorrhagia associated with lack of ov ulation 
and a hyperplastic endometrium is usually if not always due 
to over oestrogenic stimulation arising from cystic ovaries 
granulosa dell tumours ovarian sarcomata or fibromata and 
like causes] It can be induced experimentally in women and 
in femal honkeys by excessive oestrogenic stimulation 
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The com erse carcinogenic actn it} display ed bj the naturally 
occurring oestrogenic compounds has recentlj been reviewed 
by Leo Loeb (118, 110), who points out that while carcinogenic 
hj drocarbons maj affect a great \ anety of tissues, the endocrine 
compounds are limited in carcinogenic action to the tissues 
which thev normally control lie considers that both groups 
of compounds bring about cancerous transformations of tissues 
indirectly, but by differing mechanisms 

It has been shown by the work of Loeb himself and of 
others that endocrine compounds of the ovarj , in association 
with or controlled hy certain hereditary factors, are responsible 
for the origin of mammarj carcinoma in mice If in mice 
belonging to strains with a known high incidence of mammarj 
cancer the manes are extirpated at the age of three to four 
months, the cancer incidence falls to zero, or almost zero, 
depending on the particular strain Chanectomy at two 
months imariably prevents cancer development, but at eight 
to ten months it has no effect 

Experiments attempting to increase cancer incidence in 
non cancerous strains, by injection of oestrogenic compounds 
have met with some success Lacassagne (111), using 
apparently, the powerful benzoate of oestradiol has succeeded 
in producing mammary carcinoma in male mice, in whom 
normally it does not occur and has more recentlj obtained 
somewhat similar results with stilboestrol (110) 

Incidental observations have been made of the production of 
sarcoma m mice following injection of oestrogenic material (40) 
or implantation of ovarian grafts into castrates (98) Gardner 
(69) has reported development of spindle cell sarcomata in all of 
five male mice, following a prolonged course of oestrone 
injections and a further prolonged course of injections of 
“ keto oestrm benzoate ” (apparently oestrone benzoate) The 
injections were made under the skin of the back, and the 
tumours developed at the site of injection They were onlj 
obtained in mice of a strain of known high incidence of 
mammarj cancer in females These tumours were transferable 
to animals of the same or related strains 

Androgens seem to counteract the carcinogenic properties of 
oestrogens Murray showed in 1928 (150) that male mice 
bearing ovarian grafts can develop spontaneous mammarj 
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tumours though normal males do not do so I acassng le s 
results have just been quoted Isathanson and \ndenont (151) 
point out tlat such results suggest an antagonism between 
androgens and oestrogens as regards carcinogenesis Murlm 
(149) finds that androgens extracted from urine and also 
chemically pure androsterone propionate m small dosage will 
inhibit the grow th of the pnmarj Brown Pearce c| ithelioma 
implanted in the testicle of a mouse and lessen the incidence 
of nietastases Oestradiol monobenzoate has little effect nor 
have pure androsterone and dehy droisomdrosterone (indicating 
that the urinary extract must contain some other effective 
steroid) The dosage is important larger doses of testosterone 
propionate increase the nietastases 

Some important recent contributions have stressed produc 
tion of uterine metaplasia and adenomata in endocrine glands 

Selye Thomson and Coll p{187) noted m 1985 that chrome 
oestrone injections into female castrate rats produced fairly 
rapidly a more or less complete metaplasia of the cylindrical 
epithelium with cormficution in the uterus McFuen Selye and 
Collip (129) chronicle the results of chronic injection of oestrone 
into fi\e male and six female rats for periods of well over 300 
days The age of these animals at commencement of the 
injections was three to four months (They note that in tl e 
female animals oestrus was maintained practically throughout 
the \\ hole period ) 

At post mortem the female rats show ed extreme hy pertrophic 
fibrosis of the horns of the uteri with squamous mctaphasia of 
the epithelium (fn e animals) all had enlarged pituitaries three 
of which had large cavernous adenomata of tl c anterior lobe 
one a small adenoma of the intermediate lobe and several 
v acuolization of the posterior lobe All had multiple mammary 
milk cysts one mamma showed an adenofibroma whose 
scirrhous tissue had invaded the spaces between fibres of the 
pectoral muscles Five animals had enlarged adrenals and in 
one a cystic adenoma of the adrenal cortex was found 

In the males the secondary sex organs were atrophied Tl e 
j ltuitnnes were all enlarged and two had cav ernous adenomata 
n the anterior lobe 

Collip believes that the hereditary factor can be ruled out 
s ice incidence of spontaneous tumour is extremely rare in 
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Jus rat colony, and tlie animals for this experiment were 
chosen by random selection 

McEuen (130) treated rats for long periods w ith oestrone, 
usually m conjunction with v arious forms of shin irritation, and 
found that the occurrence of tumours histologically diagnosed 
as malignant was more frequent in animals so treated than in 
controls 

Lipschutz and \ argas ha\ e produced uterine and extra 
uterine tumours in the guinea pig by subcutaneous injections 
of tablets of oestradiol benzoate These tumours are similar 
to those produced by a long course of injections of oestrogens, 
but may r appear as early as two and half to three weeks after 
the implantation of a tablet (I I7a , cf I17b) Such results 
obviously indicate a potential danger from the clinical use of 
this procedure, unless the size of the tablet is carefully 
controlled 

Zondek (228) found that administration of oestradiol to 
rats o\er periods of fourteen to nineteen weeks inhibited 
pituitary function to such an extent that dwarfed animals 
with hypoplastic genitals resulted The pituitaries of male 
animals were enlarged up to four times the normal size One 
female animal, which had been given 280,000 mouse units, 
had a tumour of the anterior pituitary twenty times the 
size of the normal gland, and large enough ro produce signs 
of pressure on the brain and optic nerv e Pituitary enlargement 
was not produced in rabbits similarly’ treated. 

Hormonal Treatment of Gonadal Disorders 

Introduction. During the past few years the evaluation of 
such hormone therapy has tended to become somewhat more 
critical The armamentarium includes preparations containing 
the gonadotrophic hormones of the pituitary, A P L of the 
human placenta or urine of pregnancy , and the gonadotrophic 
hormone of the pregnant mare's blood, the oestrogenic com 
pounds (including sy nthetic substances w ith hormonal action), 
progesterone, and the androgenic compounds These hav e been 
utilized with varying success in cases in which hormonal 
deficiencies exist (substitution therapy ), and m certain other 
tyqies of case where production of know n hormonal effects may 
be beneficial. 



3QG 


SEX HORMONES 


As his been pointed out correct therapy generally depends 
on accurate know ledge of the nature of the deficiency and of the 
initial fault which needs rectification 

Standardization of the Hormones It is essential for correct 
therapy that the preparation used be correctly standardized 
This can be most easily done when pure erv stalhne material is 
employed and its dosage measured in terms of milligrams and 
not of biological units (cf 48) That is unfortunately not yet 
possible for the gonadotrophic hormones Furthermore, it is 
necessary for proper control of dosage to be able to compare 
accurately the rclatne effects of administration of the oestro 
genic compounds bv injection and orally while results from 
implantation of crystalline tablets of oestrogens and androgens 
need further examination and comparison with those obtained 
by repeated injections to enable accurate control of dosage in 
this valuable new procedure 


The following standards are in present employment (201) 
Oestrogens The international unit (I U ) of oestrone u the specific 
oestrus inducing oetiv ity of 0 0001 mg of oestrone The international 
unit of ocstradiol benzoate is the specific oestrus inducing effect of 

0 0001 mg of that compound 

I he Allen Doisy rat unit is tl e quantity of oestrogen necessary to 
produce oestrus— as judged by the \oginal smear test— in an 
ovanectomized rat weighing 120 to ICO grams when three injections 
are given subcutaneously at four hour intervals the sum of the three 
constituting the unit The Do sy rat unit is the quantity of oestrogen 
needed to induce oestrus # hen given subcutaneously in three div ided 
doses at four hour intervals as determined by conuf ed vaginal 
smears in 74 per cent of at least twenty spayed rats 
Corresponding mouse units have been frequently used 
Collips oral day unit of emmen n is the minimal amount which 
consistently produces oestrus m from three to five days when given 
to nineteen to twenty-one-day-old immature rats for three days 
His day unit is the corresponding amount wluCh produces the same 
effect when injected subcutaneously 

Progesterone The international unit is the specific progestational 
netiMty of 1 mg of crystalline progesterone 
The Comer Allen rabbit unit is the m nimal amount of an extract 
which given in five daily doses subcutaneously to a 3 to 4 kg rabbit 
spayed eighteen hours after coition will produce in the uterus a 
progestational proliferation similar to that of the eighth day of 

1 ^Eidrogens The international unit is the androgenic activity of 
0 X mg of androsterone 
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Gallagher and Koch’s bird unit is the minima! amount winch, 
administered subcutaneously , produces an ai erage increase of 5 mm 
in length and height ra at least five of ten brown Leghorn capons 
Butenandt’s bird unit is the amount causing a 15 to 20 per cent 
increase in comb area in three white Leghorn capons The bird unit 
ofrreud.de Fremerj and Laqueur is the minimal daily amount which, 
given in two injections daily for four day's produces by the fifth day 
an increase of 15 per cent in comb area of o\ er 50 per cent of test 
capons 

Gonadotrophic Hormones The rat unit for A P L is the minimal 
quantity which, when given subcutaneously twice daily for three 
days to a twenty six day-old female rat, causes formation of corpora 
lutea at the end of 00 to 100 hours (Similar units liave been defined 
for the pituitary hormones and for that from mare s serum, and 
international units have now been based on standard preparations 
(cf 34a) ) 

Additional A ales on Standards Evaluation of comparative 
biological units varies according to the precise technique used in 
different laboratories Mazer and Israel (139) recently published 
the following comparisons in rit units 1 mg of oestrone is equal 
to 500 to 1,000 rat units, I mg of oestriol to 150, 1 mg of oestradiol 
to 0,500, and 1 mg of oestradiol benzoate to 5,500 rat units 

Very approximately, 25 mg of oestradiol can be regarded as 
equivalent to lbO mg of oestrone or more, 200 mg of oestriol or more 
200 000 mouse units, between 50,000 and 200 000 rat units, and 
1,000,000 international units International units based on expen 
ments with small animals tend to become cumbrous and misleading 
when used clinically, and therapeutic doses of oestrogenic compounds, 
when expressed in milligrams, do not seem unduly large Thus 
Marmn and Parkes (137) calculated that if 200 mouse units of an 
oestrogen are needed to produce complete oestrus in the spayed 
mouse, 400,000 units should be necessary to produce the correspond 
ing changes in woman This would indicate that 50 mg of oestradiol 
may be a therapeutically effective dose, which js in agreement with 
accurate clinical observations 

As far as possible, in mentioning dosage in this section, I have 
reconverted biological units to milligrams 

Very varied figures for the activity of oestriol appear in the 
literature, and no international unit has been fixed 
Hie relationship between activity of equal weights of oestrone 
and oestradiol cannot be regarded as settled The method of assay 
makes great difference A recent determination, in which the assay 
was based on increase of weight of the immature rat uterus, indicated 
that as far as this activity is concerned, oestradiol is twenty times as 
active, weight for weight, as is oestrone (II 4) By this method, 
further, the activity of oestriol could not be determined at all 
Emmens (55) has recently discussed manv of the variables which 
affect standardization of oestrogens and androgens 

In a recent paper Green and Ivy (74) tested the effects of emmemn, 
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oestnol glycuromde and oestnol on immature and on castrate rats 
and obtained essential!} similar results indicating that the ovaries 
did not affect these results They concluded from their results that 
none of these three compounds are comerted to more potent 
oestrogens by the ovaries and further that oestnol glycuromde and 
emmemn are more potent by mouth than by subcutaneous injection 
while oestnol »s somewhat the reverse 
The activity of stillxiestrol as contrasted with oestrone varies 
greatly by the method of administration Wien both are tested on 
spayed mice or guinea pigs stilboestrol is 1 25 times more powerful 
weight for weight by subcutaneous administration Administered 
percutaneous!} or orally, both are less active but stilboestrol Is 
only one third as active pereutaneously, and four or five tunes as 
active orally (115) 

It 1ms been already pointed out that such esters as the l enzoatc 
etc tend to give a slightly lessened but much more prolonged effect 
As regards progesterone the Corner Allen rabbit unit is approxi 
mately equal to the international unit the Clauberg unit is from 
one (Util to one third of this and itself is equal to three of the so-called 
German clinical units (60) 

1 rank and Berman (63) have recently critically reviewed the 
tests nvailal le for gonadotrophic hormones nnd concluded that none 
are more tl an roughly quantitative while those based on ovarian 
and uterine weight increases are u eless for A P L Heard and 
W inton ( 00 ) have also reviewed the literature and have suggested 
the use of the adult rat in droestrus produced by a diet deficient in 
vitamin B factors the production of vaginal oestrus being considered 
a positive result They claim this test gives fairly accurate results 
both for APL and the hormone in pregnant mare a serum 
It is evident that many further studies of comparativ e standardiza 
tion arc needed for accurate use of the varied material now available 
for therapy 

Implantation Dotage Gcist (60 b) finds that pellets are not os 
efficient ns implants of crystals A thick avascular capsule slowly 
forms about implanted pellets of oestrogenic hormones and gradually 
slows down their therapeutic effect The local tissue response is 
much less for implants of crystals 
Marwick and Parkes (212 aa ) find that progesterone is absorbed 
from large tablets implanted subcutaneously at an average rate of 
about 20 per cent per month so that 60 mg tablets will supply 
about 10 mg per month (They also report that free desoxycortico 
sterone is absorbed from implanted tablets more than tw ice as rapidly 
as the corresponding acetate Four 70 mg tablets of the free 
compound will g ve a minimum daily dose of * mg for u month ) 
Such observations stress the need for considerably more 
experimental da a before implantation there] } can be effectively 
controlled 

Oestrogenic Tlerapy Mazer and Israel (ISO) vising urinary 
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excretion of ocstrogens by castrated women as a test, checked 
occasional!) b) direct measurement of ocstrogens m their blood, 
found that a single hypodermic dose of 2 mg of oestrone or 
0 2 mg of oestradiol benzoate m oil maintained the normal Jes el 
of blood oestrogen for four days, and was completely eliminated 
by the end of the fifth day A daily hypodermic dose of half the 
above amount produced blood values abose normal, while a 
daily oral dose of half the amount maintained normal \alues 
Obviously, therefore, smaller dose s incapable of maintaining 
normal blood le\ els, can scarcely produce much therapeutic 
effect Large doses of oestrogens appear to has e no deleterious 
effects on fertility (Mazer and Israel state that following 
oral administration oestrone is absorbed more rapidly than 
oestnol ) 

In cases exhibiting primary amenorrhoea of long standing 
there is arrested deselopment of the uterus, which is frequently 
small and infantile and must be stimulated to grow large 
doses of oestrogen are needed Kaufmann achie\ cd success m 
three of fixe cases (09) with doses of oestradiol totalling 200 to 
300 mg , one case receised 875 mg without success Mazer 
and Israel report a similar degree of success with similar 
dosage (189) They conclude from the results of Kaufmann 
Clauberg, and their own that the minimum quantity of 
oestrogen capable of e\ ok mg an adequate proliferate e phase in 
the uterine endometrium of a castrated woman is in terms of 
oestradiol benzoate, about 10 mg per month Smaller amounts 
may eventually produce some bleeding, not of menstrual 
tvpe 

In secondary amenorrhoea treatment ob\ lously should depend 
on the cause of the amenorrhoea Progesterone mav or mav 
not be needed A number of successes have been reported, 
using oestrogen only (ef 99 189) 

In the less common condition of hypomenorrhoea Mazer and 
Israel (189) claim good results with two of six women who had 
taken daily for three months 1 5 to 8 mg of oestriol (or a 
corresponding amount of emmenm) and three of eight women 
who had receis ed injections of 1 to 2 mg of oestradiol benzoate 
at four day mten als for about three months , apparently 
normal menstruation ensued for at least fifteen months after 
cessation of treatment In two of the latter three patients 
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curettage showed presence of normal premenstrual endomc 
tnum 

Emmcntn m similar dosage lias been onlv occasionally 
successful in ihjsmcnorrhoca I srger doses of ocstradiol benzoate 
ha\c given o somewhat greater proportion of successes (18 >) 
though such relief may only he temporary (GO) The rationality 
of oestrogenic treatment of olrgomenorrhoea does not seem 
olmous but there is some evidence of good clfects following 
prolonged low dosage with for example ctnmenm (GO) 

Pregnane) has resulted in a number of patients with 
disturbed ovarian function after treatment with emmemn had 
corrected that function (26) 

Especially as regards treatment of amenorrhoea howev er 
different schools of clinicians evidence from their writings 
considerable difference of opinion Sucli results as those just 
quoted indicate that in some proportion of cases of primary 
and secondary amenorrhoea oestrogenic therapy is beneficial 
correcting the associated uterine atrophy (In the still smaller 
number of cases where permanent cure results this is probably 
to be attributed to disappearance of whatev er primary cause 
led to diminished output of ovarian hormone ) Ncv ertheless 
Trank writing in 1037 considered tliat no useful purpose is 
achieved by prescribing oestrogen for amenorrhoea (64) 
tinting more recently Novak (157) while admitting that the 
prevailing treatment of amenorrhoea is unsatisfactory thinks 
that in some cases oestrogenic therapy can remedy a quantita 
tnc deficiency in the patient and may even sensitize an 
underdeveloped endometrium to the stage where it w ill respond 
to the patient sown small supply of hormone 

Menopausal Syndrome The benefits of oestrogenic therapy 
are most apparent when it is administered to patients suffering 
from severe sy mptoms (as flushing profuse sw eating insomnia 
and nervous disturbances) of the artificial or natural menopause 
These symptoms appear to be related to increase in the output 
of the gonadotrophic hormones of the anterior pituitary Tins 
increase is suppressed by administration of fairly large doses of 
oestrogen and the symptoms are ameliorated or disappear (see 
for references) A dosage of 2 mg of oestradiol benzoate 
injected every fourth day has proved effective (139) but 
treatment must be prolonged beyond the disappearance of the 
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sev erer symptoms with gradually reduced dosage ov er a period 
of sev eral months, or the svmptoms recur Some patients are 
not benefited 1 

Ault, Hoc tor and Werner (5) consider that oestrogenic 
therapy can practically be regarded as specific in inv olutional 
melancholia, and record a senes of cases showing 92 per cent 
recoiery with such treatment They believe this therapy is 
indicated for any woman who, at the menopause, has disturbing 
mental aberrations, whether mild or severe, and also that it is 
beneficial in relieving distressing symptoms of the climacteric 
in other types of psychoses Jones MacGregor and Tod (97) 
also report good results in a series of sev enteen cases of depres 
sion at the menopause Somatic svmptoms were relies ed in 
all, six made good recovery within five months Five mg of 
oestradiol benzoate were given twice weekh, 60 to 140 mg in 
all in different cases 

Oestrogenic therapy has also been beneficial in treating 
psj chotic disturbances resembling those at the menopause 
sometimes seen in certain patients following childbirth and in 
others with dysmenorrhoea (2 184) 

Atrophic rhinitis is benefited by local treatment with 
oestrogen in corn oil (148) Intranasal oestrogen insufflation 
seems to produce some improv ement in many cases of 
constitutional deafness (148) 

Gonorrhoeal Vuhoiagimtis in Childhood Oestrogenic therapy 
is definitely beneficial The basis of this treatment is the 
epithehzation of vaginal mucous membrane produced but 
conversion of an alkaline vaginal fluid to one definitely acid 
may be an essential factor (79, 116 208) Relapses ma\ occur 
and at least one series of failures has been reported (224) not 
improbably due to insufficient dosage, or insufficient length of 
treatment Oral therapv has been largely used but recently 
\agmal suppositories have been stated to be the most effective 
method of treatment Mazer and Israel (139) consider that the 
optimal dose is in terms of oestradiol benzoate 0 2 mg given 

1 Mazer and Israel (139) record control of the diabetes mellitus which 
had developed in three such patients solely by use of at least 04 mp of 
wArctmfi WnzuaVe tv ere tuart.1i Aay no ■nofcYm Yft'Oig titctsvary 
Simpson (102) has stated that the carbohvdrate tolerance is normally 
somewhat lessened at the climacteric, and can be restored to normal by 
administration of oestrone 
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hypodermically every other day for not less than six weeks 
Xhev gi\ c a good account of the literature V> hile there is some 
evidence that such relatively large doses of oestrogen given to 
young girls produce transient stimulation of secondary sex 
characters etc such as occasional enlargement of the breasts 
rarely some slight growth of pubic hair and still more rarely 
some uterine bleeding these effects disappear completely on 
cessation of treatment (139) 

Good results have been reported following oestrogenic 
treatment of senile vaginitis (93a) Topical application in a 
lanolinc medium is satisfactory (59) 

In nuropltuta (painful and nodular breasts) and nipple 
bleeding oestrogenic therapy is sometimes beneficial (139) It 
is distinctly useful in cases of dead foetus Reynolds states that 
successful removal was effected in ten of a senes of tv eh e cases 
(108 cf 96) 

Oestrogenic therapy does not produce abortion between the 
seventh and fourteenth week of normal pregnancy It will not 
induce premature labour It possibly has some effect in cases 
of uterine inertia (cf 96) but so has acetylcholine (168) 
Oestrogenic therapy is of no value in haemophilia (9 11 207 
31) Claims of benefit in treatment of retinitis pigmentosa (216) 
and of alopoecia (102) seem improbable Emmenm therapy is 
claimed to be beneficial in migraine (9) 

Choice of Oestrogenic Agent It is doubtful if anything \ery 
definite can be said at present concerning differential cho ce of 
the oestrogens if adequate dosage be given for the selected 
method of administration Esters only prolong action w hen 
injected not when giv en by oral route (55 a) 

Concerning stilboestrol \\ interton and Macgregor (223) 
obtained results paralleling those with natural oestrogens m 
fifty cases Oral administration is as effective as intramuscular 
There is occasionally a slight nausea A number of similar 
reports have already been made (cf 8\) It is also effective in 
senile vaginitis (100) 1 Hexoestrol seems less toxic than 
stilboestrol (8 a) 


* SrfYC 0861 finds that in my large dosage botl natural oestrogens 
and stilboestrol are toxic to m ce and rats inducing marVcd icterus 
through l!\cr damage gastric ulcers etc Ocstronc and ocstrad ol nre 
less toxic than stilboestrol (Cf also Noble 15iA ) Testosterone is less 
toxic and to son e extent opposite m its act on (180-v) 
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Oianan Transplants The literature dealing with this 
method of treatment lias been reviewed by Thoreh (204) who 
considers that such transplants improve waning physical and 
psychic conditions and retard onset of symptoms of senility 
They do not rejuv enate They are said to function for se\ eral 
years 

Progesterone Therapy This is of definite benefit in uterine 
haemorrhage of ovarian origin of which the anatomical basis 
is almost always cystic hyperplasia of the uterus Kaufmann 
(09) by treatment of a castrate with very large doses of 
oestradiol showed that such cystic hyperplasia is the result 
of excessive oestrogenic stimulation He obtained excellent 
results in treating this type of case with progesterone and found 
that 5 to 10 rabbit units (probably about 2 5 to 5 mg ) spread 
over five days suffice Occasionally much larger doses are 
needed (Cf also 132) The use of oestrogen is obviously 
contraindicated 

Good results have been claimed by use of progesterone in 
cases of habitual or threatened abortion (8 168 68) and of 
dysmenorrhoea through stopping contractions of uterine 
muscle (225 168 CO) 

Progesterone in small dosage gi\ cs striking relief m fifteen to 
twenty minutes in abolishing the after pains of labour (168) 
Lubin and Clark (121) found that 1 rabbit unit (presumably 
I mg ) produced complete relief in forty eight out of fifty five 
cases 

Robson and Paterson (174) considered that administration of 
progesterone m twelve cases of pre eclampsia seemed to produce 
some clinical benefit 

Combined Oestrogen and Progesterone Therapy 
Kaufmann (99) succeeded in establishing true menstruation in 
a castrated woman by intramuscular injection of 125 mg of 
oestradiol spread over several months followed by injection 

Papers are beginning to appear in the literature cautioning against the 
indiscriminate administration of stilboestrol until its toxicology shall have 
been more intensely studied (cf eg 67a 101a 164a) Kurzrok considers 
that its therapeutic me is definitely limited on account of the persistent 
nausea and occasional \ omiting it induces in a large proportion of patients 
(109a) 

Auchmcloss and Ilaagensen (4a) caution against potential danger of 
inducing care noma by excessive adm nistrat on of oestrogen especially 
when there is a family history of breast cancer 
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of in all 85 rabbit units {about 17 5 mg ) of progesterone 
In a second case similar success was obtained using between 
30 and 40 mg of oestradiol benzoate follow ed bv fixe injections 
each of <3 mg of progesterone (Loescr (120) has estimated 
that the human ovary secretes per month the equivalent of 
25 to 30 mg of oestradiol and 20 to 25 mg of progesterone ) 

Kaufmann has treated a fairly large number of cases of 
secondary amenorrhoea and succeeded m establishing true 
menstruation in most of them by close simulation of the normal 
stimuli of the cycle Thus 6 25 mg of oestradiol m solution 
were injected on each of the first fourth eighth elei enth and 
fifteenth days of a month and then 3 5 mg of progesterone on 
each of the nineteenth twentieth twenty first twenty second 
and twenty third days True menstrual bleeding commenced 
in most cases on the second day after the last injection of 
progesterone After artificial menstruation has been so 
induced for three consecutiv e months if treatment was stopped 
complete regular spontaneous menstruation often occurred for 
several months 

Oestrogenic therapy during the ninth and combined oestro 
gente and progesterone therapy during the tenth month of 
pregnancy is stated to increase lactation considerably in women 
whose lactation has been inadequate in prenous pregnancies 
Progesterone alone and A P L are said to be without effect (S3) 
With this claim however may be contrasted the statement of 
Toss and Philipps (61) that oestrogenic therapy (of the order of 
0 5 mg of oestradiol spread over two to six days) will inhibit 
Jactation 

Androgens are of value in properly selected cases of endocrine 
disorders m both male and female patients 

A logical use of androgens would seem to be for replacement 
therapy in sexual semlitv Tins assumes that the androgenic 
hormone is produced throughout adult life but in decreasing 
amount with age Such a view has howev cr been criticized by 
Moore (145) and Howe (176) who considered that subjectne 
criteria of hypogonadism in the male ate misleading and cannot 
be depended on Results from eailier methods of overcoming 
sexual senility m man such as testicular implants (\ oronoll s 
method (212)) and ligation of the xas deferens (Stemachs 
procedure) are peculiarly open to the criticism of a re eroteriza 
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tion through the psychotherapy lntlucetl by the procedure 
\et animal experiments seem to indicate that these procedures 
produce some definite result which cannot be explained by 
psychotherapy 

The present av ailabihty of cry stalhne androgens has permitted 
treatment less open to criticism and therefore more definite 
conclusions are available Cn stallme testosterone and its 
esters are the most powerful androgenic compounds known and 
are available commercially though still v ery costly 

As judged by the capon comb test testosterone propionate 
is two thirds as active as testosterone but its activity is vastlv 
more prolonged (120) It is of the a anous esters the most 
powerful and longest acting Administration of testosterone 
with beef tallow or palmitic or stearic acids also prolongs its 
action (cf 46 85 54 141) 

Probably subcutaneous implants of crystalline tablets of 
testosterone or its esters will finally prove to be the admimstra 
tion method of choice (cf 8o 141 9oaa) 

McCuIIagh el al (127) devised a method of determining 
definite bvpogonadism by estimating the androgen in blood and 
urine and recent Iv (128) he has reported that severe prepuberol 
hvpogonadal cases treated by injection of testosterone 
propionate show in order penile erections increase of pubic 
and axillary hair growth of penis lesser grow th of scrotum and 
still lesser grow th of prostate It is doubtful if the testes increase 
m size Nocturnal emissions occur and the volume of semen 
increases but it contains no spermatozoa unless they were 
present before treatment started The larynx grows and the 
v oice becomes low er Facial acne occurs and the beard grow s 
Epiphyseal closure is not produced when treatment is limited 
to testosterone No definite change is produced m basal 
metabolism though in some patients a low rate was increased 
to normal 

McCuIIagh reports further that in functional hypogonadism 
in the adult the treatment relieves nervous and sexual sv mptoms 
while in castrated males it can abolish nen ous and vasomotor 
symptoms and impotence His dosage varied considerably in 
different cases from 2 5 mg to 20 mg or ev en more three 
times a w eek or still oftener 

A similar result is reported by loss (61) in the case of a post 
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rises of migraine probabl) associated w itli a slight degree of 
hy popi tuitnnsm ( 1 44) 

Treatment o f Undescended Testicle Numerous clinicians 
during the past decade ha\e reported favourable results 
following the use of A P L in eases of undesccndcd testicle 
(eg 183 76 1 2 OS) the hormone of pregnant marc s serum 
is also said to be effective (108) In the past two or three years 
a number of more critical papers hav e appeared 

Thompson (203) considers that A P L is \ aluahle both before 
and after surgery In all cases m which in his senes it was 
used successfullj without surgery descent occurred within nine 
weeks of the commencement of treatment Since it produces 
genital growth and even premature puberty prolonged treat 
ment should be avoided (lie notes that it is useful in 
h) pogenitalism of the rrohhch type ) 

Mimprcss (143) records results of the use of A P L in twenty 
cases of which nineteen showed resulting hjpertrophy of the 
external genitalia but descent of the testes occurred onlv m 
si\ lie believes that this treatment should he limited to 
biliteral cases with subnormal genital development and fears 
possibility of either subsequent ntrophj or precocious sexual 
development 

Ilrowne (12) remarks that the treatment will not bring 
down an) testes that would not have descended without it 
though it will hurr> the descent Whether this acceleration is 
worth the risk of certain disquieting possibilities is a matter of 
opinion 

\\ dson (220) states that under three years of age the diagnosis 
of uncomplicated non descent is uncertain Spontaneous 
descent may be aw aitcd till ten ) cars of age but unless the 
testis lies w the superior scrotal position waiting should not be 
persisted in be) ond that age Hormonal thcrapv n a) 1 c 
employed before operative treatment as a means of determining 
whether spontaneous descent is possible but should onl> be 
used m the pre pubertal period He fears the production of an 
artificial pubert) and prefers to dehi) hormonal treatment 
until the age of ten Hormonal treatment is unlike!) to be 
successful with the umlaterd cryptorchid In Ins < wn series 
he obtained complete descent in fiv e and lmpn \ cd condition in 
two out of seventeen cases of average age eight years but 
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considers that descent only occurred in those cases which would 
normally has e undergone spontaneous descent at a later date 
He considers that open t is e treatment can be safe!) carried out 
after three years of age and should be completed before 
puberty tl e optimal age for operation being from eight to 
cle\en\ears 

X ray treatment may be in a sense endocrine in so far as it 
be designed to depress undue endocr ne stimulation Irradia 
tion of o\ anes and uterus is potentially dangerous during their 
functional life It is said to be possibk useful in controlling 
uterine haemorrhage at or near the menopause Claims ha\e 
been made that irradiation of the pitu tars is of i alue m 
controlling dy smenorrhoea and post menopausal sy mptoms 
Fluhmmn has discussed the subject in the consen atii e manner 
that it needs (CO) 
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Introduction 

The pituitary bod) like the adrenals is built up of two 
unrelated parts composed of different t)pes of tissue of 
which one is typically glandular, the other related to nervous 
tissue The two parts come together 111 foetal life The 
embrj ology and histology have frequent!* been fully described 
(217, 251, 53) The following brief statements are taken 
chiefly from Bailey s description (13) 

The human pituitary (hypophysis cerebri) is a small organ 
averaging about 0 57 gram in weight, and tending towards an 
ovoid shape Rasmussen gives its average dimensions as 
10mm (an tero posteriorly) X Omni (dorsiventrally ) x 13mm 
(side to side) It is situated beneath the brain in the sella 
turcica of the sphenoid bone “ No other single structure m 
the body is so doublv protected so centrally placed so well 
hidden ” (50) 

The customary div ision into two lobes anterior and posterior 
separated by a cleft lined with epithelium, is merely gross 
When the posterior lobe is examined microscopically it is itself 
seen to be composed of two distinct parts the inner core or pars 
nervosa (or neurahs) an extension from the hypothalamic 
region of the brain, and an outer lining of epithelium, the pars 
intermedia This intermediate part is continuous at the stalk 
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which unites the gland with the bram and at the posterior 
extremity , with similar cells of the anterior lobe 

The anterior lobe or pars disiahs (or glandularis) is more 
homogeneous From it a thin lajer of cells the pars tuberahs, 
spreads out os er a small adjacent area of the base of the bram 

In the foetal stages of de\ elopment these v arious parts show 
a fair degree of parallelism m different mammals , the glands 
of adults show greater differences In adult man the epithelial 
lined cleft between the two lobes is either obliterated or persists 
as isolated cvstic cavities Rasmussen (189) states that the 
pars intermedia is practical!} absent in the adult human 
pituitarj, but Brander(30) finds that it is extreme!} variable 
in extent and arrangement 

The pituitar} of the adult human female is larger than that 
of the adult male due to a larger anterior lobe It is larger 
in negroes than in whites At least m some proportion of cases 
pregnane} increases the size of the anterior lobe It decreases in 
size in man after middle age but less noticeablv so in woman 
In both sexes the pars neuralis and pars intermedia increase in 
size with age (190) 

The anterior portion rises from the ectoderm of the 
stomodeum just in front of the bucco pharjngeal membrane 
as a long ev agination (Ralhhe s pouch) which grows upwards 
to meet the nerv ous portion the apex applv ing itself to the 
surface of the nervous tissue becomes the pars intermedia 
The nervous portion arises as a downward ev agination from 
the floor of the diencephalon in the region of the tuber 
cmereum and becomes almost completel} enveloped b} the 
anterior portion The cavity of this cv agination disappears 
(except in the eat) leaving a funnel shaped extension of the 
third ventricle (the infundibulum) The attachment of the 
epithelial portion to the buccal epithelium becomes attenuated 
and is fmall} broken (Islands of such “ anterior pituitar} ’ 
cells ma} occur separatel} in the phar> ngeal w all or enclosed 
in the sphenoid bone )* 

1 Fngelbach (76) has sum man ted the di\ etgenees in different mammals 

The three mammalian types of hypophysis are exemplified in the cat 
the dog and man In the cat the posterior lobe is hollow and its cavity 
is m free communication with the third ventncle of the bram The 
epithel um of the antenor lobe almost completel) surrounds the posterior 
lobe In the dog the body of the posterior lobe « solid but the neck is 
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In the monkej and probablj in man the pars glandularis is 
supplied by (i) afferent arteries and (u) afferent (not efferent) 
portal veins which originate in the region of the stalk from a 
plexus which surrounds and also penetrates the infundibular 
stem The terminal parts of these arteries and veins unite to 
form sinusoids The veins from the pars glandularis pass from 
the lateral pole to the cavernous sinuses The blood supply of 
the remaining parts of the pituitary is ulmost independent of 
that of the anterior lobe, the v essels entering nnd Iea\ ing b) 
the posterior pole of the pars neuralis The blood supplies of 
the hypothalamus and the pituitary are not linked so that 
hormones from the pituitarj bod> do not has e immediate access 
to centres in the h\ nothalamus (261 2481 
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While there is some experimental evidence that in cold 
blooded animals the pars intermedia is under nerv e control (248) 
Rasmussen states (191) that in the human pituitary large areas 
of this portion of the pituitary seem to be devoid of nerve 
fibres though at least a few fibres end on its cells (while a 
negligible number pass through it from the neural lobe and end 
just within the anterior lobe) 

It is stated that lymphatic vessels ha\e not been demon 
strated m the pituitarv 

Microscopically the anterior portion consists of columns of 
cells separated from one another by large vascular sinuses 
and some connective tissue Two groups are differentiated 
as chromophile and chromophobe by the different intensities 
of their staining reactions The deeper staining properties of 
the former are due to granules in their cy toplasm These 
granules are of two types From the presumption that their 
staining reactions are restricted to acid and basic dy es respec 
tively thev are usually termed acidophile and basophile 
Since thev do not show such restricted staining properties 
Bailey termed them alpha and beta cells respectively It is 
generally considered that no cell contains more than one tvpe 
of granule 

Fig 42 reproduces an excellent photomicrograph kindh 
furnished me by Professor William Boyd and which well 
illustrates the relative distribution of the three types of cells 
Koneff(139) describes an adaptation of the Mallory Azan 
staining method which he claims gives tinctorial differentiation 
and shows good cy tological detail By this procedure basophile 
cells stain blue acidophile cells orange red and chromophobe 
cells are colourless or light gray 

According to Rasmussen (188) the distribution of these 
three types of cell m the anterior pituitary of man is 



EMreit e l*lu« 

If mo Wfue* 

Chromophile ( Vcidophile (Alpha) ) 

23 59 

37 

(Basophile (Beta) ) 

4 5-2~ 

11 

Chromophobe (\eutrop6 fe) j 

32 -C6 j 

32 


He finds a very similar distribution in the pituitaries of 
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non pregnant women (averaging 47 per cent alpha 7 beta 
and SO chromophobe) while pregnane} causes no significant 
change Basophdcs ns will be evident are more numerous in 
man than in woman With increasing age cl romophobes 
increase and acidophilcs decrease m men basophiles increase 
in women (100) 

Wolfe has presented evidence of cjclic variations in the 
three types of cells in the rat dog and sow corresponding to 
the diffcren phases of oestrus 

Certain so called cells of pregnat cy and cells of castration 
have been described as occurring in these tvvp conditions (cf 
76 26 74) While there is evidence for the existence of the 
latter Rasmussen has been unable to identify specific 
pregnane} cells The enlargement of the pituitnr} during 
pregnane} is not due to hyperplasia of an} one of tl e three 
t} pes of cells Special pregnancy cells do not occur m the 
guinea pig (188) The changes following gonadectomv in the 
exper mental animal which result in appearance of castr ition 
cells can be corrected b} administration of oestrogens or 
androgens (248) Rasmussen cons den. that so called preg 
nancy cells are reall} highl} active acidoplule cells (100) 
There is evidence that adrenal cortical deficienc} is 
accompanied b} n marked reduction in the l ercentage of 
bnsophile cells When large doses of oestrogens or androgens 
are injected into normal animals basophilc tells are depicted 
of their granules (248) 

The alpha granules are large and spherical and usually so 
close picked as to obscure all other structur'd details of the 
cell They appear during the third foetal month the beta 
cells appear a little later The chromophobe cells for the most 
part contain but littl c}toplasm Cushing (59) has written 
These tmctonally distinguishable cells are distributed some 
what indiscriminately throughout the gland and c}tologists 
have been at a loss to know whether thev merely represent 
differing stages of nctiv ity of one and the same cell or w hether 
the} have gamed morphological and functional independence 
It is safe to assume that the} have 

Biedl has suggested that the chromophobe cells are mother 
cells from which both basophile and acidophile cells are 
derived This theor} has been beautifully proved b> 
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Sev ennghaus (215) He has shown that the chromophobe ceils 
of the iat s pituitary can be separated into two distinct types 
b> reason of differences m their Golgi apparatus That of the 
first tj pe corresponds to the Golgi apparatus of the acidophde 
cells (a filamentous net) while that of the second corresponds 
to the Golgi apparatus of the basophile cells (a ring) He can 
find no ev idence of change from the alpha to the beta tv pe but 
he shows further from studies of the pituitaries of castrated 
rats that chromophile cells can revert to chromophobe cells 
The castration cell has the tj pica l basophilic type of Golgi 
apparatus (215) 

There is still however no complete agreement as to the 
precise relationship between the chromophobe and chromophile 
cells (cf 248) 

The nerv ous portion contains three different cellular elements 
tv pica! ependvma! cells moss} neuroglial cells and larger 
pyramidal or spindle shaped cells The last are peculiar to this 
tissue and have been termed pituicjtes by Bucy (81) In the 
human gland these pituicy tes compose the bulk of the tissue of 
the pars nervosa The} give off fragile processes and often 
contain greenish brown granules of pigment readd} stained b} 
neutral red or methyl green 

While the anterior portion resembles a t} pical secreting 
gland so that a theor} that it produces an endocrine secretion 
seems rational the resemblance of the cells of the nervous 
portion to those of nervous tissue so closel} allied to it in 
origin lias presented difficulties in formulating reasonable 
theories as to its secretory function 

An earl} suggestion that the hormones of the posterior 
pituitary were elaborated in the pars intermedia and transferred 
to the nervous portion for secretion (cf 84) has been discarded 
A later suggestion that the basophile cells from the pars 
intermedia streaming to the pars nervosa there degenerate to 
h} aline material (so called Herring bodies) and liberate Us 
essential hormones (cf eg 59 61) excessn e production being 
associated with hypertension and with eclampsia cannot be 
upheld (cf 363 38 26 390) and indeed Gersb has show n that 
the Herring bodies are merely artefacts protein material 
changed to h} aline by fixative and not at all associated with 
the hormones of the posterior pituitar} (108) 
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The pitmcytes, being peculiar to the neural lobe, are 
frequently assumed to be the cells responsible for its hormones 
vasopressin and o\y tocm (see p 314) Griffith has adduced 
evidence from tissue culture experiments that the pituicytes 
form vasopressin (111) Gersh (109) has furnished ei idence 
of possible glandular nature of what he terms the “parenchy 
matous cells ” of the posterior pituitary , and deduces on 
histological grounds that they probably produce vasopressin 
These cells are practically identical with Bucy’s pituicytes 

Our knowledge of the principles and functions of the 
pituitary is, more than that of any other of the endocrine 
glands, due to study of diseases associated with pathological 
conditions of the pituitary, and to the application of surgery 
to these diseased conditions We are particularly indebted to 
one surgeon, Cushing for such studies and applications in 
which he has exemplified tliat combination of savant and 
surgeon whose rarity he has himself deplored (59) 

The first important observation bearing upon the function 
of the posterior pituitary was that of Oliver and Schafer in 
1895 They showed tliat extract of the gland when injected 
intravenously into animals, produced a marked and prolonged 
rise of blood pressure Shortly afterwards flow ell pros ed that 
this effect is due to extract of the posterior lobe while Dale 
found that this extract caused contraction of uterine muscle 
The results following extirpation experiments strongly suggested 
that the condition of diabetes insipidus is due to depression of 
the function of the posterior pituitary This view seemed 
supported, when it was found that injection of extract of the 
posterior lobe controlled the polyuria of the condition in most 
patients, even if only transiently It seemed less probably 
accurate when Camus and Roussy (39) demonstrated that 
damage to the adjacent region of the hypothalamus was 
equally' productive of a persistent polyuria The involved 
interrelationship between the posterior pituitary and the 
hypothalamus is only slowly becoming understood 

Knowledge of the function of the anterior lobe began when 
the condition of acromegaly was shown to be accompanied 
by a pituitary tumour, and when it became recognized that 
pathological gigantism was an allied condition Knowledge 
of such function has become much more precise with the 
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recognition that each type of cell of the anterior pituitary 
can, tumefied pro\ oke its own disease sy ndrome Tumours 
of the acidophile (alpha) cells are associated with acromegaly 
and gigantism , tumours of the basophile (beta) cells are 
associated with certain pathological gonadal sj ndromes , 
tumours of the chromophobe cells lead, through obliteration 
by compression of most of the chromophile cells, to disease 
syndromes such as those of Frohlich and of Lorain 

The Chemistry and Pharmacology of the Posterior Pituitary 
Gland 

Extracts of the posterior pituitary gland such as “ pituitrin ” 
possess three outstanding properties (i) abiht\ to raise blood 
pressure (pressor actiMty), (u) abilits to produce uterine 
contraction (oxytocic actiMty), and (in) power to produce 
diuresis or anti diuresis under differing conditions (renal 
activity) 

The first important ad\ ance in the isolation of the hormones 
of the posterior pituitary was made by Kamm and his associates 
in 1028 (137, 82) The posterior lobes were sharply separated 
from fresh beef pituitaries desiccated with acetone, and 
extracted w ith 0 25 per cent acetic acid The extract was 
concentrated at low temperature and proteins (with the 
hormones) were salted out with sodium chloride or ammonium 
sulphate The precipitate was treated with anhydrous acetic 
acid, which extracted the hormones with but little protein 
The aetd extract nas fractionated by repeated treatments Kith 
acetone, ether, and petroleum ether (the ether filtrate contained 
the oxytocic principle) After twenty such fractionations two 
hormones were obtained relatively free from each other 
Two hundred beef pituitaries ga\e 50 grams fresh (8 grams 
desiccated) posterior lobe material which yielded 0 05 gram 
pressor principle and 0 015 gram owtoese principle When 
samples of the two were mixed in these proportions, dissoHed 
m acidified water, and diluted to correspond with an extract 
of the original glandular material, the phvsiological properties 
of the two solutions were found to be indistinguishable, 
indicating that the processes employed in separating the 
hormones had affected neither of them 

The final fractions were white stable powders, water soluble, 
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and basic The pressor fraction was as regards its pressor 
effect eighty times as powerful as the then international 
standard preparation of powdered pituitary The pressor 
hormone was termed beta hypophamine and pharmaceutically 
vasopressin and pitressin The oxytocic fraction was more 
than 150 times ns powerful as the international standard and 
was termed alpha hjpophamtne (pharmaceuticalh orytocXn and 
pitoctn) Subsequently the international standard has been 
defined in terms ofloth pressor and oxytocic activity 

The pressor principle is responsible for the diuretic 
antidiuretic action of pituitary extracts (13- 104) In normal 
animals not under anaesthesia the predominant effect is 
suppression of flow of urine (83) The beneficial effects 
produced on patients with diabetes insipidus are due to this 
principle oxytocin being without effect (104 229) and it was 
early suggested from comparative studies that the effect is 
due to stimulation of water re absorption by the thin segments 
of the loop of Henle of the kidney tubules (34) Adolph (2) 
concludes from studies on the frog that the diuretic action of 
small doses of posterior pituitary extracts is due to improve 
ment of the general circulation while the anti diuretic effect 
of larger doses is due to direct action on the afferent arterioles 
of the glomeruli There is also evidence that the stimulating 
effects on the smooth muscle of the intestine (104) are due to 
pttressm 

Zinc salts prolong the anti diuretic activity of vasopressin (67) 

Stehlc and Fraser (231) have also prepared concentrated 
preparations of the posterior pituitary hormones by fractioning 
methyl alcohol solutions with ethyl acetate Stelde and 
Trister (232) hav e hydroly zed such preparations They isolated 
from the hydrolysate of the pressor substance arginine prohne 
cystine and tyrosine and obtained evidence of the presence of 
isoleucine Hist dine hydroxyproline glycine and methionine 
were absent and tryptophane was probably absent The 
hydrolysate of the oxytocic preparation contained the same 
ammo acids except that leucine replaced isoleucine (For 
earlier studies in general agreement with these results cf 112 
211 249 ) 

The two hormones possess different electrophoretic ni gration 
rates the pressor principle migrating towards the cathode cell 
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much the faster of the two and these differences are exhibited 
even in the mechanical]} expressed juice from fresh posterior 
pituitary tissue (250) 

While neither hormone has jet been obtained in definitely 
pure state the results quoted aboy e suggest strong]} that each 
is a polypeptide probably built up from relatively feyv 
ammo acids 

Certain posterior pituitary preparations produce an antagonism to 
adrenaline hypergly eaemia when injected into various species of 
animats The ayailabte data do not allow this efTeet to be ascribed 
to known pituitary hormones (cf 174) 

The Posterior Pituitary as an Endocrine Gland 
The two hormones undoubtedly possess specific pharmaco 
logical effects but until very recently there was no indisputable 
ey idence that they could be truly considered hormones secreted 
from the gland and performing phy siologieal functions Such 
ey idence is now ayailable for yasopressm while strongly 
suggestive ey idence js available for oxy tocin 

The work of Gilman and Goodman m 1930-3" (248) has shown 
that the tubular reabsorption of yyater from the glomerular 
filtrate in the kidneys depends upon the action of yasopressm 
If the rate of excretion of water is likely to lead to dehydration 
the rate of secretion of yasopressm is increased the rate of 
tubular reabsorption becomes greater and water is conserved 
As has been pointed out the neural lobe is under nervous 
control receiving stimuli through the upraoptic nuclei of the 
hypothalamus This has been amply demonstrated by the 
work of Fisher Ingram and Ranson and others (248 243) on 
cats and monkeys m which it has been shown that if this 
nervous control lie lost (as by complete severance of the pars 
nervosa from the hypothalamus) the kidneys lose their power 
to concentrate urine so that polyuria and poly dipsia result— an 
experimental diabetes insipidus)— while there is concurrently 
a retrograde degeneration of the supraoptic nuclei It also 
explains how suitable afferent stimuli can inhibit secretion of 
urine after renal dencn ation 

Conv ersely it has been show n that dehy drated rats and cats 
excrete an anti diuretic substance unless they hav e been 
hypophy sectomized or the supraoptic hypophy seal tracts hay e 
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been interrupted (218) Further, dehydration causes definite 
cjtoJogical changes in the pituicytcs of the posterior pituitary 
of the rat (100) 

Lim and his colleagues have shown that during the pressor 
response following stimulation of the central end of the vagus 
the jugular venous blood contains m the normal animal an 
oxytocic substance, and an anti diuretic substance (These 
arc not found under like conditions in the hj pophj sectonuzed 
animal ) Repeated vagus stimulation results in a lessening of 
the pressor response it is re established by rest There is a 
parallel exhaustion and reappearance of secretorj granules in 
the pituicvtes (248) 

Hatenus and I erguson (116) bj stimulating rabbits m the 
region of the infundibular stalk se\ eral hours post partum 
produced an increase in uterine activity (both increased 
frequencj and amplitude of contraction) closelj resembling 
the action of oxytocin This result persisted after spinal 
transection section of the splanchnic nerves and vagotomj 
but not after blockage of the pituitary stalk It seems legitimate 
to conclude that the posterior pituitarj actually secretes 
oxytocin 

Diseases associated with the Posterior Pituitary Gland 

From what we know of the actions of the principles extract 
able from the posterior pituitary hyperfunction or h> pofunction 
of tbit lobe should lead to sjmptoms associated with blood 
pressure altered degree of contractility of smooth muscle and 
abnormality of renal function 

Tumours of the anterior pituitary maj damage the posterior 
lobe even to the extent of almost complete obliteration (ef 
Fig 43 p 343) There is some evidence of a resulting decrease 
in blood pressure (59) Nevertheless as Cushing lias pointed 
out lesiohs of the posterior pituitary whether of human 
occurrence or expenm£ntalh produced in animals frequenth 
do not lead to perceptible sj mptoms 

Diabetes in npidus is the most outstanding abnormal condition 
which is presumabl) associated with hj pofunction of the 
posterior lobe This disease is characterized b> the continued 
excretion of large volumes of a pale urine of low specific grav itj 
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free from sugar and other abnormal constituents In raanj 
patients the only symptoms present are this polvuria and a 
proportional polydipsia Others may exhibit weakness and 
emaciation At autopsy of such patients lesions of the pituitary 
gland have been found Further in many cases normal 
kidney secretion could be restored b\ continued injections of 
‘ pituitrm Hence it seemed reasonable to conclude thht some 
pituitary lesion caused the condition 

The results of earlier extirpation experiments lent support 
to this xiew Intense polyuria was produced (Cushing 
Houssay) The issue became confused in tn on ai s Injection 
of “pituitrm into an experimental animal sometimes produced 
diuresis Damage to brain structures adjacent to the pituitary 
also caused polyuria Camus and Roussy were the leading 
workers in experiments of the latter tvpe 

They demonstrated that ablation of the dog s pituitary 
produced marked but onl\ transient polyuria provided the 
base of the brain was uninjured during the operation while 
damage to the base of the brain bordering on the pituitarv 
resulted in marked and persistent polyuria even though the 
pituitary wa» not damaged this pohuna was not controllable 
by injections of pituitary extracts (89) (cf also Bailey and 
Bremer (14)) Delayed adiposity and genital atrophy can 
occur in these cases 

Maddoch and later Mahoney and Sheehan (160) found that 
application of silver clips at various levels of the hy^poplivseal 
stalk in various animals (though not in the monkey) produced 
a marked and enduring polyuria Such results at first tended 
to be interpreted as due to a damming back of some hormone 
behev ed normally to pass to the v entriclcs from the posterior 
lobe by this channel though Cushing pointed out (59) that in 
such experiments the nerve impulses to the posterior lobe are 
interrupted and this has prov ed to be the actual cause of the 
polyuria 1 

As already recorded interruption of the nen e tracts between 
the supraoptic nuclei and the posterior pituitary results in a 

1 Dandy (Gts) has recently reported a case of persistent poljima sod 
polydipsia of over eleven years durat on which followed transect on of 
the hypophyseal slalk in a girl of seventeen during an operatioi for 
presumed tumour Anterior pituitarv functions ha\ e not been Interfered 
with and normal pregnancy lias occurred 
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persistent polyuria and a consequent polydipsia the essential 
features of clinical diabetes insipidus 
On the other hand complete ablation of the whole pituitaiy 
gland usually results in only transient polyuria and the 
persistent polyuria produced experimentally can be relieved by 
ablation of the anterior lobe of the pituitary Thus some 
hormone of the anterior pituitary must be functioning normally 
for the development of true diabetes insipidus (precisely which 
hormone has still to be determined) The earlier Mews of 
Ilaun (1918) and Richter (195 190) have thus been confirmed 
1>> the recent work, of Fisher and Ranson and others (248 cf 
also 06) 

An interesting ease of diabetes insipidus which adds further 
confirmation has been reported by Bernstein (21) At autopsy 
it was found to be a case of primary bronchogenic carcinoma 
with metastases involving the supraoptico hypophyseal system 
Good results base been reported in treatment of diabetes insipidus 
following administration of posterior lobe pituitary powder 
mtranasallj (162 40 lfll) 

Daily administration of nmidopyrone (pyramidon) alternated 
every fourth day with pttiessm w. said to produce good results »n 
the treatment of diabetes insipidus (130) 

According to Teel and Reid (240) concentrates from the urines of 
pre eclamptic and eclamptic patients during the phase of acute 
water retention have a marked anti diuretic effect on cats the action 
resembling that of \asoprcssm 

Hyper function of the Posterior Pituitary (?) Jones (135) lias 
reported a case which presented hypertension hj-perchromie 
macrocytic anaemia (which responded to liv cr therapy) achlorhydria 
and depressed carbohydrate tolerance Noble et at (170) obtained 
from tlie urine of this patient an extract exhibiting pressor and 
nnti diuretic activity of vasopressin type As the patient improved 
clinically the excretion of pressor substance decreased Dodds and 
Ins co workers (see below) have shown that injection of vasopressin 
can produce achlorhydria sometimes followed by anaemia It was 
hence thought possible that the patient s condition might be due to 
hyperfunction of the posterior pituitary 

Pituitary headache, according to Engelbach is a descriptive term 
of the most constant chief complaint of pituitary disorder and should 
not be regarded as a clinical entity A disorder of the pituitary 
without tumour is a frequently unrecognized cause of severe 
headache migrainous in character (76) 

Castro intestinal Ulcers It has recently been suggested that 
undue secretion of the posterior pituitary may be a factor in 
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the causation of these ulcers Since experimental lesions any- 
where in the intracranial course of the fibre tracts from anterior 
hypothalamus to vagal centre are prone to cause gastric 
erosions, perforations, or ulcers, while intracranial injuries and 
diseases affecting these basilar regions of the brain are known 
to be accompanied by ulceratne lesions of the upper alimentary 
canal, and since mtra\ entncular injections of “ pituitrm " 
cause in man {presumably through stimulation of a “ para 
sympathetic centre") an increase m gastric motility, hyper- 
tonus, and hypersecretion, leading to retching and \omitmg 
(the \omit ultimately containing occult blood), Cushing 
considered that it is possible to reconcile Rokitansky’s 
neurogenic theory of ulceration with \irehow's theory of a 
primary local cause, whether the lesions concerned are simple 
erosions, acute perforations, autodigestive softening, or chronic 
ulcers, and whether they chiefly imohe the oesophagus, 
stomach, or duodenum He behe-v ed that while all ulceratisc 
processes, under all conditions, cannot be so accounted for, y et 
the majority can (63) (Cf 120 ) 

Dodds (65) found that extracts of the posterior pituitarv 
injected subcutaneously or gisen orally to laboratory animals, 
produce severe lesions in the acid bearing area of the stomach 
The animals usually recover in one or two weeks The effect 
seems due to a temporary inhibition of secretion of hydrochloric 
acid, since, m these animals, histamine produces no free acid in 
the gastric juice A profound anaemia is also produced, 
apparently due to increased blood destruction, and is accom- 
panied by a marked leucocytosis The effect is specific to the 
posterior pituitary It is due to vasopressin (214) \ an 

Dyke (248) remarks that it is unlikely that the large doses of 
\asopressm used by Dodds to produce gastric lesions arc of 
significance in considering the etiology of clinical lesions. 

The Pars Intermedia 

Extracts of the posterior pituitary gland such as ** pituitrm ” 
cause a dispersion of the black pigment granules in the epidermal 
melanophores of the frog and other amphibia This effect is 
not due to a hormone of the posterior lobe , separation of the 
pars intermedia from the pars neuralis is not easily effected 
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The pars intermedia of the pituitary of fish amphibia birds 
and mammals (inci lding man) elaborates this hormone Certain 
fishes such as the stickleback. (Gattrasteus aculeottts) UvttetUwg 
(Rhodens amarus) and the small carp like Pkotmus Inez is 
develop at tl e time of spawning a brilliant red colour in the 
v entral part of the body and especially in the region of the 
fins (247) According to Zondek and Ivrohn (263) this is due 
to a hormone which they term intermedin and which is 
present in an aqueous extract of the pars intermedia Inter 
medin is probably identical with the melanophore dispersing 
hormone present throughout vertebrates but essential proof 
of this is still wanting 

Gelling showed that cultures of the pars intermedia of the 
mouse and rat while they had no effect on blood pressure 
(showing that vasopressin was absent) had a marked 
melanophore-dispersmg effect when injected into frogs (107) 

In the porpoise (260) and the whale (245) and probably in 
marine mammals generally the pars intermedia is absent the 
melanophore dispersion hormone is formed by the anterior 
lobe of the w hale (24o) Gelling has studied the pituitary of the 
finback and sperm whales very carefully (106) in association 
with MacCallum Wallen Lawrence and Riddle and has shown 
that there are only present a large anterior and a smaller 
posterior lobe separated by a septum Ivo par-, intermedia 
could be found The posterior lobe contains no melanophore 
principle but tl ere is a plentiful supply of it in the anterior 
lobe The posterior lobe contains the usual amount of vaso 
pressin but much less oxytocin and both of these appear to be 
elaborated in the posterior lobe itself The anterior lobe 
contains the gonadotrophic thyrotroph c and adrenotrophtc 
principles (cf pp 378 383 388) but a very low prolactm 
content 

While m amph bia the melanophore d spersion hormone 
produces effects which suggest a possible physiological function 
its function in birds and mammals is not at present defin tely 
known However O Donovan and Colhp recenth prepared 
extracts from the pituitary containing what they have termed 

the specif c metabolic principle’ and they have shown that 
this hormone is most richly present in extracts of the pars 
intermedia and in pituitary colloid (known to be rich in 
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the melanophore hormone), while its chemical properties, as 
well as its distribution closely resemble those of the melanophore 
hormone with w hich it may therefore be identical (243) 

This hormone appears to depress carbohydrate oxidation 
and to increase combustion of fat Colhp and his associates 
have shown that it produces hetonaemia in normal and in 
adrenalectomized rats, decreases total body fat, but increases 
liver fat in fasted mice increases glycosuria and hetonuna in 
the hypophysectomized depancreatized (Houssay) dog (see 
p 304), maintains liver and muscle glycogen (the so called 
“ gly costatic effect ”) and renders rabbits resistant to insulin (a 
“ glycotrophic ” effect) 

It increases the oxygen consumption and depresses the 
respiratory quotient of rabbits and of man 

It is present in almost any pituitary extract A very active 
preparation of melanophore hormone prepared by Stehle (230) 
is rich in it 

An extract of pituitary glands from which the thvrotroplnc and 
gonadotrophic principles have been precipitated In alcohol yields 
an excellent preparation by concentrating the alcoholic fltrate to 
the aqueous phase extracting with ether, and saturating the aqueous 
residue with ammonium sulphate repeating the latter process and 
effecting final purification by alcoholic and then isoelectric precipita 
tions The product is rich m metabolic and melanophore factor, and 
almost free from other pituitary hormones 

Active extracts have been prepared from ox sheep and pig 
pitmtaries The hormone is thermostable resistant to alkali 
and pepsin, and destroyed by trypsin in all these respects 
resembling the melanophore hormone It dialyses through 
cellophane (Cf 177, 27, 175 187 ) 

It is important to remember the properties of this hormone, 
in considering the apparently mv olv ed relationship of pituitarv 
hormones to carbohy drate and fat metabolism (cf p 393) 

Diseases associated with the Anterior Pituitary Lobe 
The anterior pituitary, with its three types of cells can show 
various types of hyperfunction and hypofunetion and also 
through compression and neighbourhood effects mixtures of 
hyper and hypofunetion At the present time our knowledge 
of the anterior pituitary is based largely upon clinical studies 
of diseases associated with its abnormal states, and on implanta 
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tion and injection experiments in animals, although biochemical 
knowledge of the endocrine principles is making rapid progress 
It is com cnient to gn e some account of the diseases associated 
with the anterior lobe before dealing with experimental data 
These diseases, or at least the most important of them, 


(A) I lypofu notional conditions (and mixed syndromes) — 

(i) Pituitary cachexia General hypofunetion of the 

anterior lobe, usually due to actual destruction 
of the glandular elements 

(ll) Pure anterior lobe deficiency, possibly a true 
hy poplasia, but probably merely one form of— 

(in) The Lorain Lew, Frohhch, and Lawrence Moon Iliedl 
syndromes, associated with hypofunction of the 
beta cells 

(B) Hyperfunctional conditions (and mixed syndromes) — 

(i) Gigantism a functional disturbance m childhood and 

adolescence, associated with hyperplasia or tumours 
of the alpha cells 

(u) Acromegaly, associated with tumours of the alpha 
cells 

(m) Cushing s pituitary basophilism, associated with 
tumours of the beta cells 

(i\) Amenorrhoea and disturbances of wsion, associated 
w ith tumours of the chromophobe cells, which cause 
pressure effects 

It is perhaps of some serwee at this point to anticipate 
certain results of experimental and clinical studies There 
is now a considerable amount of evidence that the anterior 
pituitary lobe elaborates sex eral distinct endocrine compounds, 
which (i) control growth, (n) control the gonads, (in) control the 
thyroid, (iv) possibly control the islets of Langerhans, (\ ) 
control the adrenal cortex, (vi) control the secretion of milk, and 
(perhaps) (vn) control fat metabolism The precise number of 
hormones concerned in this wide control of the organism will 
be discussed later (see p 390) It is to be remembered that no 
function can be associated with the chromophobe cells beyond 
being precursors of the others, so that all hormones of the 
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anterior pituitary must be produced m either the acidophile or 
the basophile cells 

Tumours of the alpha celts affect growth Those of the 
beta cells are apparently associated with gonadal disturbances 
Tumours of the chromophobe cells depress pituitary activity 
through neighbourhood pressure effects Tumours of any 
type can exert such pressure effects leading to depressed 
function of cells not present in the tumour The size and 
shape of the sella turcica is frequently affected by such tumours, 



Fig 43 \ senes of drawings to illustrate the mechanical effects 

of an expanding pituitary adenoma I The normal j ituitarj 
gland and optic chiasm II A small intrasellar adenoma 
with only a slight expansion of the sellar III \ larger 
adenoma beginning to stretch the chiasm — a little antenor 
lobe still remains I\ A widely expanded sellar and greatlv 
stretched chiasm \ A suprasellar adenoma which has 
implicated the chiasm without compressing the antenor tohe 
(From Henderson Fndocnnologj 1031 \v 120 ) 

so that X ray elimination repeals them Some idea of the 
changes accompany mg tumours of different sizes is gn en by the 
diagrams in Fig 43 

Pituitary Cachexia This condition in which there is 
pituitary deficiency m marked but \ arying degree, must be 
differentiated from anorexia nenosa though the differential 
diagnosis may be extremely difficult (cf 197) and rests mainly 
on the discovery of an initial psychological factor (cf Spence, 
207) The extreme type is met with m Simmonds disease, 
which term, according to Sheehan (219), should be confined to 
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cases in which the disease results from post partum necrosis of 
the pituitarv Milder tv pcs have been termed by v Bergmann 
pituitary emaciation and according to Spence (207) are less 
uncommon than Simmonds d sease 

Anorexia tiers osa occurs chicfl) in girls and young women 
usual 1} unmarried and usually but not ahvn\& psj cho neurotic 
manifestations of endocrine dysfunction 1 eing secondary (207) 
Sheldon (207) states that cases of anorexia nervosa Simmonds 
disease (in the limited sense of Sheehan) and pure chronic 
starvation all show loss of vs eight amenorrlioea lowered basal 
metabolism changes in carbohydrate metabolism subnormal 
temperature slow pulse and hypotension In anorexia 
nervosa and chronic starvation there maj be an mcreased 
hair growth (in females on trunk limbs and face) this does 
not occur in Simmonds disease Sheldon considers that the 
lowered intake of food (resulting from loss of appetite due to a 
mental cause) results in nervous inhibition of pituitary hormone 
activity whence the parallelism m these conditions Spence 
(207) suggests that lack of v itamins maj be the essential factor 
of the starvation which affects the pituitary 

Richardson (197) considers that a diagnosis of pituitary 
cachexia should not be made until persistent attempts fail to 
diagnose a neurosis or to relieve it and until efforts have been 
made to increase intake of food and v itamins and to ascertain 
the effects of such increased intake He reports that in s veral 
cases of anorexia nervosa no benefit was obtained from pituitary 
therapy 

Paulesco demonstrated in 1007 that removal of the pituitary 
in dogs was followed by a train of symptoms characterized by 
weakness loss of we ght and death In 1914 Simmonds 
described a clinical case exhibiting the same syndrome The 
patient at the age of thirty eight developed puerperal sepsis 
following the birth of her fifth child During the next eight 
y ears she dev eloped amenorrhoea muscular w eakness anaemia 
loss of weight attacks of giddiness and unconsciousness and 
the general appearance of premature senility She w as admitted 
to hospital m coma and died without regaining consciousness 
Autopsj disclosed atrophj of the kidneys ovaries pancreas 
and liver with necrosis and scar tissue replacement of the 
anterior lobe of the pituitary Simmonds correctly insisted 



PITUITARY CACHEXIA 345 

that the primary etiological factor in this case and in two 
somewhat similar cases which he subsequent!) reported was 
the destruction of the anterior pituitary 
Sheehan (229), basing his conclusions on a detailed anal) sis 
of fifty one published cases together with information denied 
from over seventy others states as already mentioned that 
most cases of true Simmonds’ disease are the Jate effects of 
post partum necrosis of the anterior pituitary body , and that 
the original necrosis follows a delis cry which is invariably 
complicated by collapse usually as a result of sev ere haemor 
rhage From hts review of cases he presents the following 
composite description (stating that individual cases present 
exceptions to most of the conditions mentioned) 

During the pucrperium there is complete absence of lactation 
and sometimes a hypogly caemia Then the uterus becomes 
supermvoluted and the external genitalia atrophy Menstrua 
tion does not return libido is absent there is a gradual loss of 
axillarv and pubic hair The patient becomes apathetic and 
dull v ery sensitiv c to eold and mav show a my xoedematous or 
a prematurely senile condition The basal metabolism drops 
to about — 25 per cent The body weight is usually but little 
altered The blood pressure tends to be rather Ion Hvpo 
chromic anaemia is present Blood cholesterol may be shghtlv 
raised blood sugar slightly low Sugar tolerant? curves show 
a delayed fall 

After ten twenty, or even thirty years the patient may 
become more typicallv my xoedematous 1 or may develop 
mental changes with some weight loss but seiere emaciation is 
uncommon At this stage the anaemia may become hyper 
chromic and the basal metabolism fall to — 35 per cent but 
the blood pressure is usually normal 
Finally , usually through some intermittent illness or a phase 
of severe anorexia the patient lapses into coma (with hypo 
gly caemia usually present) and dies 

At post mortem examination the anterior pituitary is 
replaced bv scar tissue, the adrenal cortex is atrophied, the 
thyroid fibrosed, the ovaries and uterus shrunken and the 
viscera small 

1 Castleman and Herts <41 ) have reported a case clinical!} diagnosed as 
myxoedema and only proved to be Simmonds disease at post mortem 
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Sheehan states that the results of pituitary substitution 
therapy are not y et \ cry satisfactory , but — a somewhat curious 
finding considering the non return of menstruation — that if a 
subsequent pregnancy results this cures the patient presumably 
through hypertrophy of remaining pituitary tissue (It would 
seem more plausible to suggest that hypertrophy of remaining 
pituitary tissue presented the onward progress of the disease 



J-io 41 Case of pituitary cachexia Lrjl patient in Julj 
1013 aped twelve weight 142 lb \bout seven weeks before 
onset of illness Cn Ire atui ngl I patient in June 1031 
aged thirteen weipht8^lh Alxmt nine months after onset of 
illness (IromDunn J \erv Met lal Dn 1016 lssxiti 
16(1 ) 

caused restoration of ovu'ation and so permitted possibility 
of a further pregnancy ) 

Sheehan belles es that true Simmonds disease is relatively 
common but frequently remains undiagnosed but that on the 
other hand mans cases reported under this title are in reality 
cases of pituitary cachexia or of anorexia ner\ osa 
Sucli a limitation of cause as Sheehan suggests seems 
unnecessarily artificial, since it is obviously admitted that 
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pituitarj hypofunetion can arise from other causes than post 
p artmn necrosis of that gland It is further most probable that 
van mg grades of damage to the anterior Jobe arising from 
■\anous causes mil present a graded s} ndroine which as far as 
women are concerned mil not differ whether the primary 
cause be a post partum haemorrhage 
into the anterior pituitary or not 
Hence the sj ndrome picture gi\en 
m an earlier renew b} Calder(3G) 
mas well be compared with that of 
Sheehan (It will be noted that the 
two descriptions differ in someessen 
tnl points } 

Colder reviewed sclent) cases in 
the literature (eighteen males fort} 
seven females five of unrecorded sex) 
and presented the following con 
elusions Emaciation dev elops sooner 
or later and is n striking and charac 
tenstic feature Falling of the teeth 
and hair (particularlj axrilarv and 
pubic hair) trophic changes in the 
nails and thickening and loss of lustre 
of the skin combine to giv e the patient 
an appearance of premature scmlit} 

General muscular w eakness is accom 
pained by corresponding atonj of the 
gastrointestinal tract with marked 
constipation vomiting and a conse 
qucnt distaste for food There maj 
be subnormal temperature with a 
subjectiv e feeling of chilliness Basal metabolism when it 
has been measured is low blood pressure is imanably 
low In women menstruation ceases and sterilitj ensues 
In men there results sexual weakness which may amount 
to complete impotence In both sexes desire ceases Many 
patients display peculiar forms of pathological sleep Coma 
frequentl} precedes death \\ ithout exception autopsy 
reveals destruction of the anterior pituitary In about half 
the cases autopsied the glandular elements were replaced by 



t g 4j The sime patient 
as in Fig 41 Tn October 
lDJi after twentj two 
weeks of comb ned an 
tenor pituitary and 
oestrogenic therapj 
(From Dunn loc eit ) 
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scar tissue indicating healed injury Calder considers that 
probably no one pathological process is responsible for all cases 
Man} of the s} mptoms resemble those of Addison s disease a 
chief point of differentiation being the pigmentation of the shin 
generallv present in the latter Since autops\ shows adrenal 
involvement thi asthenia low blood pressure and subnormal 
temperature maj be ascribed as Calder points out to secondarj 
im oh ement of the adrenal cortex 
In a number of cases of pituitarj cachexia bencf cial results 
have been reported to follow con 
tmued injection of anterior pituitary 
extracts (cf 76 1J4 67 157) an 
example is shown in Figs 4 V and 45 
Other cases so treated have not 
responded At least some of the 
latter may well have been cases of 
anorexia nerv osa 

The mild cases of pituitary 
emaciation described bv v Berg 
maun are stated b} him to hive 
responded to pituitarj treatment 
(20) (Stephens has also described 
a sj ndrome of mild hjpopituitarism 
in a group of cases (236) ) 

It is probable that there is no true 
line of demarcation between pitu 
itarv cachcxn and the Lor tin Levi 
sj ndrome (see p 650) The close 
relationship of the two is illustrated 
b} a case described by Hart and I isa 
(115) A mail aged thirty seven with Lorain infantilism a 
subnormal temperature low blood pressure and who had been 
suttermg irom sev ere frontal headaches of two months duration 
was found at postmortem to hive a massive cyst of the 
pituitarj which had completely obliterated the anterior lobe 
(and had spread upwards and forwards into brain tissue) a 
completely inactiv e thyroid and underdev eloped testes 
Pure Anterior Lobe Deficiency , a Form of Pituitary 
Infantilism Whether pituitary infantilism can be truly 
differentiated into cases with a pure hypoplasia of the anterior 



1 in 415 Companion of a 
pitlllt iry dwarf girl ut the 
ngc of 0) years with a 
norn al boy of the san c 
age (I ram Cngell ae! 
l ilucnuol gj Iinj xvi 
Ji ) 
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lobe, and others m which the hypoplasia is acqm'red from 
tumour pressure cannot 3 et be stated Engelbach (75) defined 
the condition as a general arrest of growth and development 
of all organs and systems of the body because of h\ pofunctionmg 
of both growth and sex principles of the anterior lobe of the 
pituitary He considered that the condition is inherited and 
not acquired It is rare Few patients die from this endocr ne 
defect and few established cases ha\ e been nutopsiecl 

If Engelbach s \ lew is correct the pure case of pituitary 
infantilism m which a ten 
deucy to hypopituitarism 
may perhaps has e been 
accentuated b\ some slight 
intercurrcnt infection bears 
a relationship to the anterior 
pituitary corresponding to 
that which cretinism bears 
to the th\roid while pitui 
tarv cachexia corresponds to 
myxoedema 

The following appears to 
be a classical case of this con 
dition as put forward by 
Engelbach himself (75) But 
it possibly should merely be 
considered as the childhood 
form of the Lorain Lev i 
sy ndromc 

A girl aged nine and a half 
years exhibited marked physical underdevelopment and 
diminished appetite conditions present from birth During 
the first two years she was overweight She could sit alone 
at six months She dul not walk until four years of age 
Grow th rate w as retarded from the first y ear and growth ceased 
after the sixth year Her mentahtv was good and she was 
phy sically activ e She had suffered practically no illnesses 

Her height when examined was 354 inches her weight 
274 lb Het stature was miniature being that of an average 
three and a half y ears old child The body measurements were 
typically those of hypopituitarism (cf Figs 46 and 47) The 



Fic 4" Comparison of the actual 
body measurements of the pituitary 
dwarf of Fir 46 with the normal 
maxim im and minimum measure 
ments for her ape (from Engel 
bach Endocrn oligj toe cit ) 
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head was large in proportion to the body The sella turcica w as 
normal for the size of the head 
Under treatment with a purified extract of the pituitary 
growth principle (cf p 360) in eight and a half months she grew 
2 7 inches in height and gained 7 5 lb in weight, with concomitant 
increases in other measurements Her appearance became 
somewhat more mature hut no indication of pnmarj or 
secondary sex development had appeared (The purified 
extract had been freed from the gonadotrophic hormones ) A 
later report on this child states that as a result of two years’ 
treatment with a somewhat crude extract of bonne pituitary, 
injected intragluteally, she has grown 5 4 inches Her average 
for the four y ears preceding treatment gas e a predicted growth 
of onlv 2 8 inches, while the av erage growth for a child of 
her age is 4 6 inches Her facial expression has altered towards 
the normal appearance of her years (220) Equally good results 
have been reported m a number of other cases exhibiting 
retarded growth due to pituitary deficiencj (77 220, 208 69) 
It is possible that in replacement therapy of this type crude 
extracts may be more beneficial than the purified principles 
since, as Collip has pointed out, it is unlikely that in any case 
only one hormone needs replacement 
The Lorain-Levl, FrShlich, and Laurence-Moon-Bied! 
Syndromes In all of these the functions of the anterior 
pituitary concerned with growth and sex development are 
depressed Hence (depending on the age of onset) growth tends 
to be stunted and sex infantilism is a dominant characteristic 
In the tw o latter sy ndromes obesity is superimposed 
Theoretically the abnormal state of pituitary function can 
arise from a pathological hypoplasia, or from neighbourhood 
pressure effects of a tumour 

In patients with the Lorain Levi syndrome there is seen a 
diminution of all parts of the body with retention of infantile 
proportions This is accompanied by genital underdevelop 
ment with absence of primary and secondary sex characters 
Mental activity is not retarded In women menstruation is 
either not established or is irregular 

Engelbach considered that heredity is the prime causative 
factor of the Lorain Levi syndrome with infections and 
intoxications playing a secondary, excitatory r&Se E-vrly 
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recognition is 'very desirable in order that treatment may be 
instituted while the retarded osseous development is still 
capable of modification 

Biedl (23) examined many cases of pituitary dv> arfism 
clinically and by X ray While some showed clinical sy mptoms 
of brain pressure, and X raj ev idenceof sella turcica destruction, 
others gave no ev idence of a tumour 
Frohlich’s syndrome can become established in childhood 
and in adult life Juvenile cases exhibit marked adiposity — - 
“ juv emle obesity " Most of them are ov erweight during 
infancy \\ hen the condition arises before adolescence, 
varying degrees of dwarfism and osseous retardation occur, 
according to the age of onset , infantilism persists 

In such early cases the adiposity usually precedes the genital 
non development by several years It usually begins as a more 
or less generalized obesity, which later on localizes about the 
mammae, mons, and girdle region In the female genital 
hypoplasia is not conspicuous and consequently abnormalities 
of this system are not recognized until attention is attracted by 
delayed and disordered menstruation In the male under 
development of the genitalia is usually noticeable before 
adolescence (75) The typical picture of skeletal and sexual 
infantilism combined with a specific type of obesity led to the 
term degeneratio or dystrophia adiposo genitalis, originally 
employed by Bartels to describe the syndrome 
In those cases in which onset occurs after the genital and 
osseous systems have been developed functional gonadal 
symptoms may be the only positive pituitary sign accompany mg 
the obesity (75) 

Engelbieh held the same views concerning the etiology of 
all these hypopituitary conditions, behev ing that a tumour is 
present in only a small proportion of cases Such a view is 
mainly valuable in stressing the probable multiple origin of 
these sy ndromes 

From what has been written in the previous section it may 
well be that the adiposity is due to hypofunction of the pars 
intermedia Obv lously chromophobe tumours w ithm the sella 
turcica or extra sellar tumours such as cranio pharyngiomas 
can provide the pressure effects necessary to depress the 
functions of the chromophile cells of both pars anterior and 
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intermedia If the condition arises without tumour growth 
then hypoplasia of both these parts of the pituitary must be 
assumed 

Patients with rrtihhch's disease base an increased assimila 
tor) power for carbohydrate, m agreement with their increased 
power to lav down fat Their basal metabolism tends to be 
somewhat low (down to — 20 per cent ) and their temperature 
subnormal 

The Laurence-Moon-Biedl Syndrome exhibits in addition to 
the syndrome of rrohhch s disease retinitis pigmentosa 
polydactyliA and retarded mentality The disease usually 
affects several children m one family (45) The two sexes ore 
equally affected It does not necessarily lead to early death, 
since a case aged fifty one Iihs been reported A recent article 
has listed seienty three cases in the literature (193 cf also 
227) 

Treatment of these conditions, to be correct must obviously 
depend on recognition of the true cause When this is a 
tumour, remoyol, or perhaps in some cases Xray treatment 
may be beneficial When the cause is a simple hypoplasia, 
replacement therapy seems the obvious treatment The 
conditions present in the Laurence Moon Biedl sy ndrome 
ob\ lously require more than pituitary correction 

Lawrence and Harrison (143) report a good response to 
pituitary treatment in a boy who at sixteen years of age was 
5Dj inches tall 87 lb in weight, and exhibited sexual infantilism 
and dwarfism of the eunuchoid type After two and a half years' 
treatment he had gained 0| inches in height und showed normal 
sex dey elopment (cf also 23C, 170) 

Renal Rickets and Dwarfism Chown (42) has i eported a case 
which he believes can be attributed to pituitary malfunction 
Cranial Dysplasias of Pituitary Origin Mortimer and his 
colleagues (172, 173) have made prolonged roentgenographic 
studies of crania m hypophvsectomized dogs and rats, as a 
result of which he suggests that in human cases of hyperplasia 
or hypoplasia of the paranasal sinuses among the causal 
conditions may be (1) transmitted inherent pituitary disability 
or (u) disturbed pituitary function arising during post natal 
growth (but possibly a late manifestation of (i) ) 

Gigantism Since somatic development is largely influenced 
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by the grow th principle of the pituitan , and since the pituitary 
appears to function completely from birth, it is to be expected 
that, if alpha (growth) cells can hy perfunction without 
adenomatous growth gigantism can arise m infancy and early 
childhood Many of the cases reported in the literature gi\ e a 
history of early accelerated growth 

Gigantism becomes most marked during adolescence 
Growth may continue farbevond the normal period, c\en to the 
age of thirty y ears (24) Hie majority of cases are males 
Engelbacli’s description seems complete, although it is doubtful 



Fic 48 A case of pituitary gigantism Front \icu and profile 
of the patient nt the age of 11 showing iharacterwtic facies of 
preadolescent hyperpituitarism and complete absence of 
mandibular prognathism (From Behrens and Barr 
Endocrinology 1932 xvi 121 ) 

if tumours can be so summarily dismissed in all cases Anterior 
lobe hyperpituitarism is defined as abnormal overgrowth of the 
entire body caused b\ excessive function of the anterior lobe 
of the hypophysis unrelated to tumour This somatic oyer 
growth ts due to a proportionate oy erde\ elopinent of all the 
regional parts and organs It is unaccompanied by adiposity 
The overdevelopment of the osseous system is due to 
by perosseogenesis of both the epiphyses and the periosteum 
. The skeletal overgrowth attained during adolescence 
remains permanent throughout the adult age, although in many 
eases the hv’peractn ity later changes to inactivity In such 
event, the early v irilit\ and normal menses are transformed into 

IX DOC. 12 
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genital hypofunction, as expressed m frigidity and stcriht}, 
with amenorrhofa in the female, and in loss of libido lmpotency, 
and aspemmtism m the male Concomitantlv , the muscular 
hypertomcit) and eapacitj and increased mental activit) are 
changed to muscular weakness fatiguabihtj , and mental 
inertness ” 

One of the most interesting and completely documented 
eases of hyperpituitarism in the litem ture lias been recorded 
by Behrens and Barr (10), whose observations extended over 
eighteen months Somewhat Against Fngclbach s views the 
family lnstorj of this bov 
suggests no marked tallness 
in his ancestors and no 
endocrine disorders The 
father s height is 5 feet 
11 inches the mother is of 
medium height and weighed 
240 lb There are non* two 
sisters and two brothers of 
normal size The paper of 
Behrens and Barr seems 
worth quoting in some 
detail 

1 At birth lie weighed 
only 9 lb but began almost 
immediately to grow nt 
an abnormal rnte At six 
months he weighed 30 lb 
He started to walk nt 
the age of twelve months At n year and a half he weighed 
62 lb and by the time he was two years old lus extraordinary 
size attracted general attention At six he entered school in 
a suit which was the largest his father could buy for a hoy, 
and which was labelled size 17 When he was nine he 
measured C feet 1 inch vraghed 178 lb and was able to pick 
his father up and carry hun about 
» He suffered from headaches whenever be read or studied 
Examination of lus ejes showed a moderate myopia but the 
headaches disappeared when he wore his glasses He had 
always drunk large quantities of water, and had to get up 



tio 40 Hand of patient (Tig 4#) 
compared i nth that ot a n an O feel 
In height Noteworthy are the long; 

1 ghtly tapering Ungers and tl e 
delicate fine skin (irom Behrens 
ail Harr it id p 14* ) 
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occasional!} at night to urinate This never was, however, a 
prominent symptom, and did not seem to indicate an} degree 
of diabetes insipidus His appetite was vigorous His 
record in school had been excellent . . . 

“ His expression and appearance are best shown b} the 
photographs Notable is the wide spacing between the e}es 
and the complete absence of mandibular prognathism There 
is some spreading of the upper teeth The skin was moist, 
delicate, and of fine texture, but the hands and feet tended 
to be cold and slightl} c}anotic He had no hair on his face, 
and the hair on his bodv was scantv His father reported that 



I 1 io 50 X ray photograph of skull of patient (Fig -48) at age 
of eleven compared with that of a normal bov of the same 
age There is an extraordinary development of the mastoid 
air cells The sella turcica measured 2 5 cm anterior 
posteriorly , it has been outlined with dots to indicate its 
extent (From Behrens and Barr ifcid p 122 ) 

he had a small amount of pubic hair and the genitalia might be 
considered small for an 11 }ear old bo} ’ 

The visual field was practically normal The heart, lungs, 
and abdomen were normal Hands and feet were beautiful!} 
shaped in spite of their size Mans of the essential points of 
the description are illustrated in Figs 48 to 51 

“ The X ray examination revealed in the bones of the face 
and maxilla a moderate tendcnc} to prognathic dev elopment 
The mastoids showed extraordmarv dev elopment of pneumatic 
structure . The sella was of extreme size, measuring 
2 5 cm in its anterior posterior diameter The floor of the 
sella s honed a loss of contmuitv, being broken bv a tubular 
structure which extended downward and forward from the 

12 —* 
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sella and reached almost to the posterior vail of the pharynx 
where there was an indefinite soft tissue shadow encroaching 
upon the lumen of the pharynx itself It was thought that 
there was evidence of a persistent Hathkc s pouch \ ray 
photographs of the hands showed no abnormality in the state 
of the eptphyses or degree of calcification as compared with a 
normal bnv of the same age 

He was seen again nt the tune of his thirteenth birthdaj 
Measurements at t! c two examinations were — 


A ft 

11 yra. 11 n onths 

13 JO 

Weight 

JI2 Jkg 

12(7 4 kg 

Height (hare feet) 

208 0 cm 

210 0 cm 

Sitting height 

103 5 

— 

\rrn spread 

2015 

215 0 

He id <• rcimifercnce 

05 5 


Chest circumference 

1015 

10- 5 

I-ength of han 1 

o> 0 

23 5 

Length of foot 

370 

38 o 


During the inters al between these examinations he had 
shown good progress at school had lost much of his bashfulness 
and displa>ed general interest and co operation Ills phjsical 
strength had been maintained \ raj examination of the 
skull showed a progression in the growth of all bones with con 
tmued overgrowth of the pneumatired structures The ejes 
showed m>opic astigmatism but the fundi were practicall) 
normal 

Fig 51 pictures the Ikij nt thirteen and a half with a height 
of 221 5 cm At this tune blood and urine examinations gave 
normal results a partial sugar tolerance test was normal and 
ox) gen consumption was low Lxcept for the enormous sire 
of the sella turcica local signs of pituitary involvement are 
almost entireh absent It is extreme!) difficult to judge 
wl ether there is in this patient am retardation of sexual 
dex elopment 

A further report on this case lias been made b> Huinberd (1 30) 
At the age of eighteen jears and three months Ins height had 
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increased to 99 J inches This unusually authenticated giant is 
frequently featured in the American pictorial press 
Engelbach ("a) has reported a ease m -which there was 
definite hyperfunetion of the alpha (growth) cells and also 
possible hyperfunction of the beta (gonad controlling) cells 
The man aged twenty fn e at e\amination weighed 11 Jb 
at birth Subsequent to a febrile attach at se\eu months he 
commenced to grow rapid!} with corresponding strength 
At se\en years of age his height was that of an adult man 



Fig 51 TI e patient at tl e age of 13} shown stand nj* with h s 
tune year old brother and his father wl osc he ght is 5 feet 
1 1 inches (front Behrens a id Barr tb d p J*\» } 

His mentality was normal Puberty occurred between the 
ages of nine and ten at w hich period he associated w ith > oung 
men of nineteen and twenty and could do a man s work at 
manual labour At thirteen he was known as the strongest 
man in Holland his muscular dei elopment w as supernormal 
and he could support a 175 lb man on each outstretched arm 
He continued to grow larger with increasing Mgour until the 
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age of nineteen and an extreme libido began to be manifested 
At twenty three he weighed 812 lb During the following two 
and a half 3 ears his weight dropped to 248 lb His height was 
then 92 2 inches With the loss of weight he e\hibited a 
progressive loss of strength and diminution in size of the 
muscles Occasional frontal headaches occurred and he began 
to exhibit a slight pigmentation Libido decreased without 
impotency 

The sella turcica show ed 
no evidence of prohfera 
tion or erosion measuring 
18 x 12 mm The urine 
showed a faint trace of 
albumin The blood cell 
count and basal metabolic 
rate were normal the 
\\ assermann test 4 -f 
Engelbach considered that 
the change from lijper 
to h\ po aeti\ uy might be 
associated with acquired 
svphilis 

With these two cases 
may well be contrasted 
the classical example des 
cribed by Cushing (02) 
a man aged thirty six, 

‘ an extraordinary proto 
type of the folk lore giant 
— overcome by his own 
size His appearance is 
shown in Figs 52 and 53 
His family and personal 
history reveal little of 
importance except that Ins 
overgrowth dated from 
childhood when his size was such an embarrassment to him 
that he played truant from school and never learned to read 
or write His growth became rapid at fifteen years of age 
at which time frontal headaches were frequent His health 



F 10 52 A case of gigantism Final 
stage Note the nirrow chest Jorge 
joints liypotric hosis and the large 
size of the hands compared with th it 
of the normal person of height «8 
inches (From Cushing The 
Pituitary Body and its Disorders 
Llppineott 1912 Case X'vXII > 
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began to fail when he was twentj six His weight at evarmna 
tion ■was 275 lb , his height 8 feet 3 inches 1 His complexion 
at that time was a peculiar gre) ish white 

There was no definite poljuna but a slight albuminuria 
Temperature and pulse tended to be subnormal The ejes 
were normal 

Though without education he was shrewd competent and 
independent There were no motor or sensor) changes, but 
extreme muscular enfeeblement His shin was soft and pliable. 





h io 5a The same patient as in Fig a2 Exhibiting a maxillary 
rather than the mandibular prognathism of the acromegalic 
{From Cushing toe fit ) 

with marked h\ potnchosis He had practically no beard 
absolutely no axillar) hair and yen scant pubic hair There 
was considerable pigmentation 

The loner extremities gate the appearance of elephantiasis 
There was no disproportionate hypertrophy of the tongue as 
in acromegaly The genitalia were small and the testes 
atrophic There had never been an) temptation to sexual 
indulgence 

The skeletal framevrorh was enormous Ron) deformation 
about the joints caused bending at the knees and hips (cf 

* Iloiaberd (131 ) adduces reasons for belief that the 1 eight of this 
patient was only 7 feet 3 inches and has critical!* renewed the heights 
attributed to various giants in the older literature Howcyer Behrens 
and Barrs patient has definitely prated that growth can exceed 8 feet, 
as Humberd (130) hunself has recorded 
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Fig 52) Hts gait was feeble and he required the use of two 
heavy canes 

The o\ ergrowth of the skull was restricted for the most part 
to the facial bones The mastoids were huge the malar 
bones projected The facial progna hism inv olv ed the maxillary 
rather than the mandibular jaw (cf Fig 51) \ ray of the skull 
showed a relatively shallow sella turcica 27X17 cm 
(anterior posterior x depth measurements) There were huge 
maxillary and frontal sinuses 

He exhibited a high cirbohvdrnte tolerance 
He died six months later Autopsj showed diminutive 
adrenals fibrosed testes with almost complete disappearance 
of spermatogenous cells and a small and fibrosed pancreas 
The pituitary gland was largely represented by a cj st Cushing 
commented on the pituitary condition As regards the 
hypophysis itself it is fair to assume that there was origmallv 
an extreme functional hyperplasia of the pars anterior with 
subsequent cvstic degeneration These hvpcrptasias are 
capable of -various transformations — here a degenerative one 
These giants arc usually belies ed to die \ oung and childless 
However they occasionally reach middle age The giant 
Chang is said to hav e died at fifty one and Palozzi reported by 
Lev l and Francium m 1300 at sixty six (02) 

A possibility of successful treatment is seen m results quoted 
by Cushing (CO) In two boys showing giant like rapidity of 
growth the growth curves were arrested by \ ray treatment 
of the pituitary 

It seems to be inaccurate to represent gigantism and 
acromegaly as linked too closely Some proportion perhaps 
a large proportion of cases of the former condition do not 
exhibit an adenoma but only a generalized hyperplasia of 
the anterior pituitary 

Acromegaly The condition of acromegaly has been often 
described is easily recognized and never forgotten when once 
seen It is of slow onset characterized by gradual enlargement 
of the limbs and head The face hands and feet slowly 
hypertrophy The gradual onset of the facial hypertrophy 
is beautifully shown in the photograph of Cushings case 
\X\ (62) reproduced in Fig 54 The enlargement affects 
the skeleton generally, as far as that can be enlarged the 
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connective tissues become thickened and hypertrophied The 
lower jaw becomes prominent the face lengthens and broadens 
and the features coarsen the tongue enlarges Some initial 
degree of Jn pertnehosis is gradual!* transformed to a hypo 
triehosis As the disease progresses amenorrhoea in the 
female and impotence in the male become distinctive features 
Deep seated headache is a frequent carlv sy mptom The 
organs enlarge especially the heart X raj examination 
generally indicates an enlargement of the sella turcica though 
in the case presented in Fig o4 such enlargement was not 
present 

There maj be some degree of gigantism depending on the 
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Fla 5f V ease of acromegah I I holograph at the age of 
n 4 before onset of the d lease II Vged 29 at time of 
onset III Aged 3 I\ Aged 42 'nth pronounced 
acrotncgal e changes (From Cush ng The P tu tarv Body 
and its D sorders Lipp ncott 1912 Case XXX ) 

age of onset 1 If onset docs i ot take place until after adolescence, 
when the epiphvscal cartilages are ossified the long bones 
cannot grow longer and height is but little affected 

The acromegalic frequently exhibits ghcosuria through 
a lowered carbohydrate tolerance The combination of 
acromegaly and diabetes mellitus is not uncommon The 
basal metabolism tends to be raised (64) 

At autopsy the acromegalic usually presents an adenoma 
of the alpha cells of the anterior pituitary —frequently of the 
size of an orange Such a pathology completely accounts 
for his condition This functioning adenoma provides that 
excess of growth principle necessarv to produce such degree 

* 'tort mer bel eves that aeromcgal c cranial changes can appear earlv 
in the second decade (cf 20 ja) 
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of overdev elopment as was possible at the time of commence 
ment of the adenomatous growth Pressure of this tumour 
on the basophile cells of the pituitary causes tl at depression 
of stimuli to the gonads which results in amenorrhoea 
impotence and depression of secondary sex characters Pressure 
effects may also well account for impaired carbohydrate 
metabolism through depression of the function of the pars 
intermedia 

When tumour is definitely recognized as the cause removal 
of the tumour (or perhaps \ ray treatment) seems the obv ious 
procedure of treatment Cushing s w orh illustrates the frequent 
beneficial effects following surgical removal including even 
apparent subsidence in size of extremities 

Rare instances of acromegaly have been reported m which 
the condition was associated solely with functional hyperplasia 
tumour being absent (1 18 141) 1 

It is interesting to note that in the adenoma of acromegaI> tJ e 
Golgi todies of all the cells whether chromopl obc or aeidophde 
are acilopluhc in type (ftO) indicating m accord mce with the 
fndings of Scvcnnghaus that the whole adenoma is composed of 
acidopl ile cells and cells wh eh can be changed to aeidophde 

Cushing’s Pituitary Basophilism Cushing in 1012 described 
a syndrome associated with an adenoma of the basophile cells 
of the anterior pituitary (08 CO) Hus syndrome is charac 
tenzed by (l) n rapidly acquired peculiarly disposed and usually 
painful adiposity confined to face neck and trunk (u) a 
tendency to become round shouldered cv en to measurable loss 
of height (in) a sexual dystrophy shown by early amenorrhoea 
in women and ultimate functional impotence in men (n) a 
tendenev to hypertrichosis of face and trunk in females and 
pre adolescent males (v) a dusky or plethoric appearance 
of the skin with purplish linne atrophiae and various 
other symptoms including hypertension abdominal pains 
fatiguabihty and ultimately extreme weakness (Cf 179 ) 

A number of such esses found in the literature and some 

* lugtive acromegaly i wl ch sympton s of ocron eg-ity and of 
the hypop tuitary s\ ndrome develop synchronously and wl ioh is associated 
with an adenoma w th distinctive type of foetal cells has been described 
by Bailey and Cushing (15) 
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under his own observation mcl iding one predicted clinically 
bj Teel (237) hav c si own at postmortem examination a 
pituitary of normal or almost normal size (the sella turcica 
is not enlarged) but which contained as resealed h> serial 
sections a small adenoma composed of basophile cells 
Frequently there is no definite lesion of the other endocrine 
glands although the adrenals are general!* enlarged and 
may contain small adenomata regarded b\ Cushing as 
secondary The thyroid ma\ also be enlarged 
The syndrome appears 
to be commoner in women 
than in men but is as 
definite in the latter Raab s 
case(185)issliownmFig 55 
It is fully quoted b> Cushing 
(58) and well illustrates 
the picture in man Hair 
distribution and genitalia 
are normal the peculiar 
obesitj is obv ious from the 
picture the broad flame 
shaped striae of dark red 
colour are prominent This 
patient was admitted to 
hospital complaining of 
headaches and marked gain 
of weight A few weeks 
later he developed severe 
pain in the lumbar \ ertebral 
column and he died shortlv 
afterwards from acute sepsis follow ing a streptococcal infection 
of the hand Although before death X rai examination had 
Suggested some enlargement of the intrasellar space at autopsj 
the pituitary was found to be scarce!} enlarged but a basophile 
adenoma had almost entirely replaced the posterior and had 
destro}ed about two thirds of the anterior lobe The vertebral 
pam was accounted for by an osteoporosis of extreme degree 
inv oJvmg the vertebral column and long bones 

The size of the tumour appears to varj considerably in 
different cases A typical picture of such a tumour is shown 



riG j 5 Dr flaab s j atient with 
\enfled basophile adenoma of the 
pituitary (From Cush ng Hull 
Johns Hopkins IIosp 1932 1 137 ) 
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m Fig 50 and it is at once obi ions from it whi m these cases 
no definite enlargement of the sella turcica c cctirs 
Cushing considers that a nuinl er of the sj mptonis including 
the hypertension pigmentation and terminal weakness maj 
be due to secondary adrenal imolvemcnt 
Since Cushing described the sjndrome numerous cases ha\e 
been reported (cf eg 28 109 55 235) Rasmussen and 
kelson described two cases of basoplulc adenoma originating 
from the pars intermedia the first showed no s> mptonis* 
definitely attributable to the tumour but the second exhibited 



Fig 0 Cross section «r the i tu tnr\ fron a case of p lull rv 
l>a.sor hilism (I rom Bis I op and Close G j a It as j it l 
TlrjotLi 1032 Kxxi 143) 

adiposity, striae hirsuties high blood pressure and a florid 
fate (192) 

Furtado and Morato ltaie reported an unusual case(IOl) 
in a boj aged seventeen the svndromc was associated with an 
enlarged sella turcica marked optic atrophi and hen iinopsia 
At operation a large tumour the si7c of a wall ut was lound 
between the two optic nerves and most of it was renosed 
Twelve hours after oj eratton on epileptic seizure occurred and 
death followed The tumour apparent!) contained acidophile 
basophile and chromophobe cells Ildl(IlO) has reported a 
ease of the s> ndrome in which no endocrine tumour of an> kind 
could be found at autopsj 
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It is doubtful whether anv true differentiation can he made 
between the sy ndrome associated with a basophile adenoma of 
the pituitary and that associated with an adenoma (or malignant 
tumour) of the adrenal cortex (cf p 228) Both should probably 
be termed “Cushing’s disease ’ The s\ ndromes of the two, 
especial 1} in women, are practical!* identical (ef 17, 97, 145, 
253) In each type whether or not a pituitary basophile 
adenoma is present Crooke has show n (56) that the basophile 
cells exhibit a characteristic hyaline change Since the 
pituitary controls the adrenal cortex through a hormone which 
is probably elaborated in the basophile cells (cf p 301) the 
primary dysfunction in all eases of the disease may well lie in 
the pituitary, whether or not an adenoma be present there 

Treatment of cases of basophile adenomata seems almost 
hopeless, although application of X rax therapy in earlv cases 
may ha\e some benefit (60) It is fortunate, therefore, since 
good results are obtained by surgical remoxal of adrenal 
cortical tumours (cf p 228) that Cushing’s disease m the child 
is almost always associated with an adrenal cortical tumour, 
and is frequently so associated in the adult woman, although 
this association is rare m adult man (57) 

Differentiation as between pituitar\ and adrenal adenoma 
is not easy In rare cases the presence of an adrenal tumour 
can be recognized directlx b\ palpation or by X ray photo 
graphy after perirenal insufflation of air (35, 53a) Crooke and 
Callow haxe recentlv produced ex idence (57) that in the cases 
with adrenal cortical tumour there is marked increased 
excretion of urinary androgens and that such an increase does 
not occur in cases of pituitary basophile tumours Test of their 
procedures should y leld results of interest 

Chromophobe Adenomas of the Anterior Pituitary . According 
to Bailey and Cushing adult h\ popitmtansm (presumably 
both of the Loram Le\ i and Trohlich type) is commonlx 
associated with an adenoma of pureh chromophobe type (15). 
Ophthalmologists and gy niecologists first drew attention to 
a syndrome in which X ray examination show ed an expanded 
sella in absence of acromegaly 

\\ omen with unaccountable amenorrhoea not infrequently 
complained of disturbance of xision examination often gas e 
indication of pressure against the optic chiasm Men showed, 
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along with the visual disturbance some degree of gonadal 
involvement Cushing has termed the condition pituitarj 
goitre Unless it were relies ed blindness might ensue The 
tumours were found to be of chromophobe tissue of the anterior 
pituitary Their symptomatic effects were produced by. 
pressure Pressure within the sella inhibited the basoplule 
elements and gonad'll disturbances resulted Pressure on the 
optic chiasm if the tumour was of sufficient size affected 
■vision Successful surgical intervention restored both sight 
and sexual function to normal (59 11 7) Careful X raj 
therapy gives good results in some proportion of cases (113) 

The ocular signs involved through such pressure include 
perimeter defects and optic disc changes diplopia and 
strabismus The general mtercrannl pressure signs include 
deep seated headache projectile vomiting choked disc and 
photophobia 

Patients with chromophobe adenomas usually exhibit a 
low ered basal metabolic rate (84) * 

Chromophobe adenoma is rare in childhood Cushing has reported 
a case of com! ined craniopharyngioma and chromophobe adenoma 
which had lieen under Ins observation for eight years The girl was 
frst operated on at the age of ten and both tumours removed 
Prior to operation the basal metabolic rate was — 30 per cent 
subsequently it rose to — 2t per cent Sis years later at second 
operation m 1030 more adenoma was removed A vear later the 
basal rate was — 10 per cent In 1032 replacement therapy was 
attempted with tl c growth principle Appetite was improved and 
there was gain of weight but at the end of 110 days there had 
1 een no gain in height Treatment was stopped and the patient 
retrogressed 

Experimental Investigations of the Function of the 
Anterior Lobe 

The actual number of hormones elaborated in the acidophile 
and basoplule cells of the anterior pituitary is at present a 
matter of opinion Claims for new hormones steadily appear 
W ell established claims for the existence of others are being 
challenged Is one lias vet been obtained m indisputably pure 
condition All are proteins perhaps chemically closely related 
and certainly separable with difficulty Some or all of those 
now supposed to exist may prove to be artificial products of 
larger moleculed hormones to be in fact pseudo hormones 
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produced from these larger moleculed compounds b\ the 
chemical and ph\ sical procedures used for isolation Some 
discussion of this problem is gn en at the end of this chapter. 

Animal experiments designed to ascertain the function of 
the anterior lobe of the pituitary ha\ e consisted of extirpation, 
of implantation and of the injection of extracts 

Extirpation Puilesco’s early work has b**en referred to 
(cf p 344) Most of the earlier workers including Cushing, 
Biedl, Houssxy, Bell and Dott, concluded that sooner or later 
the result of extirpation was fatal, and that therefore the 
pituitary (more exactly the anterior pituitary) was essential 
to life. Horsley Benedict and Homans Camus and Rouss\ 
Engelbach and others held the contrary \iew (217 7G) It 
seems doubtful if these differing view s are more than a difference 
of opinion as to the cause of death 

In the earlier experiments the usual results of complete 
extirpation, following an initial latent period were fall m both 
temperature slow respiration and pulse, limp musculature 
coma, and death Houssay noted poh una in y oung pups and 
oliguria in adult dogs He further noted that animals which 
sunned for some time showed retardation in general and 
sexual dm elopment, dei elopment of adipositi and an increased 
tolerance for sugar 

Partial extirpation of the anterior lobe leads to characteristic 
symptoms of hypopituitarism Young animals remain small, 
their milk teeth and their juiende fat are retained Their 
epiplij ses do not ankylose The thyroid enlarges the thymus 
persists and the adrenal cortex thickens Sexual maturity is 
markedly retarded A subnormal temperature is shown and 
basal metabolism is diminished Carbohy drate tolerance is 
increased Adult animals also show a tendency to gonadal 
atrophy and obesity (217) 

Section of the stalk leads to somewhat parallel changes 
which are probably traceable to interference with the blood 
supply of the anterior pituitary (70) Smith (222) produced 
Frohhch's syndrome in rats by injecting Chinese ink into the 
fviiiiSsrj giaad sad so destroy :ag it 
Am lack of agreement m the general results is largely due 
to the degree of disturbance of surrounding structures Some 
clear cut results hay e been obtained w ith amphibia 
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Smith (223) and Allen (5) showed independent]) m 1110 that 
the hypophyseal pit can be located and the minute portion of 
pituitary tissue removed in frog tadpoles whuh are only 
8 or 4 mm in length (and arc therefore at a stige at which but 
little surface development lias taken place) A remarkable 
change in development is produced by this operation The 
tadpole acquires a silvery appearance reniuns dwarfed and 
does not metamorphose Its thyroid remains reduced in size 
also its adrenal cortex but the medulla is unaffected Thyroid 
feeding will not bring about complete metamorphosis of such 
h\ pophy scctomized tadpoles 

Selye has developed a rapid and accurate technique for 
extirpating the pituitary of rats Colhp Sely e and Thomson ( 50) 
report tl at following such operation the testes of male rats 
whether immature or adult undergo atrophy with reduction 
both of germinal epithelium and of interstitial tissue The 
epididymis prostate and seminal vesicles in such ruts are slso 
reduced in sue In adult females during lactation hypo 
physectomy leads rapidly to retrogression of the mammary 
glands and failure of milk secretion (cf p 388) In immature 
rats the thecal cells of the ov ary are transformed to deficiency 
cells' evidence of a definite action of the pituitary on the 
ovary long before maturity (213) 

Thus from def ciency of pituitary hormones produced bv 
extirpation there is ev idence that these hormones are concerned 
directly or indirectly with growth gonadal development 
carbohydrate and fat metabolism thyroid Junction and 
secretion of milk 

Artificial Hyperfunction Oril administration of anterior 
pituitary has no definite effect 1 The cficcts of excess ot the 
pituitary principles have been studied by observing the 
cumulative effects of dadv transplants (single transplants 
are without effect) and of daily injections of v atious extracts 
Conclusions have been confirmed by correlating the results 
with those from replacement therapy in by pophy sectomized 
animals which hav e proved much more sensitn c than normal 
animals to the action of potent extracts 

There is now definite cv idence that various extracts prepared 
from the anterior pituitary control general body growth the 
i Cf hoi ever Coll p « recent experiments p 303 
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gonads, the thyroid, certain other endocrine glands, and the 
production of milk. It is generally supposed (but is not prosed) 
that each separate effect is caused b\ a separate hormone, and 
it is therefore cons cnient to consider these supposed hormones 
in turn. 

The Growth Principle. Evidence for its E usietice Evans 
and his co workers showed, in a series or publications com- 
mencing in 1921, that injections of potent pituitary extracts 



Fic 57 Photograph at time of autojwj (at somewhat over 400 
of age) <if ttra female mts ulace gronth are 

shown m hij; 38 The rat on the right received dulj 
lntrapenloneal injections of anterior lobe e\tr ict for over 
a year The rat on the left is the untreated litter mate 
control (l-rom l.vuns, Ilunry lecture* 102)21 J> 212) 

into rats produced gigantism (81) Their first results were 
accidental, observed in an attempt to modifv the vaginal 
smear response m rats (cf p 256) b\ injections of endocrine 
extracts. 

Saline extracts of anterior bovine pituitaries were injected 
daily into rats for prolonged periods, commencing at the age of 
fourteen days The animals so treated grew faster and more 
steadily anil became giants Tvpical results are shown in 
Figs 57-59 Under such treatment female rats has e reached 
a weight of over 700 grams, as compared with controls of 
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r>a W Actual gnmtJ (unci of the two female rats shown 
1 1 Hjf 57 That of the treated rat is gi\en in hea\ y luie 
(rroml \nns^loe eil ) 

300 grams and males o\er 000 as compared v. ith 450 grams 
The animals nre symmetrically proportioned with a normal 
metabolism The degree of gigantism corresponds to the 
production of human beings 10 to 12 feet high (82) 

In the ejrher experiments growth of the m anes and maturo 
tion of ovo were impaired or inhibited but this result was 
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Fig 59 Curve (thick line) of average growth of thirtj -eight 
female rats which were treated daily with intrapentoneaJ 
injections of the flu d from 2 grams of fresh ben me anterior 
pituitary contrasted with the curve (thin line) of thirtv 
eight untreated litter mate sister controls (From Ev ans 
loc cit ) 

probabl} due as later work has disclosed to the method of 
preparation of the extract Etans and Simpson hate shown 
more recent!} that alkaline aqueous extracts of pituitarv 
promote growth but have no effect on the gonads while 
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acid aqueous extracts have no 
effect on growth but n marked 
effect on the gonads (81) 
Cushing Teel and co 
workers ha\ e published n series 
o! important studies The) 
used a sttrile alkaline extract 
of beef pituitan This con 
tamed set eral ac ti\ e principles 
as is et ulcnt from their results 
It was found that this 
extnet aieclcratcd growth in 
rats and dogs and restored 
growth in Ji)popli)sectonu/ed 
dogs It brought on oestrus 
in the immature rat (184) 
Nitrogen retention and pro 
longed diminution of blood 
non protein nitrogen was pro 
duecd in dogs (230) 

An experiment on bull dogs was carried through to the 
death of the experimental animal and the details hate 
been published m full (183 238) It shows pcrfcctl) the 
gigantism liltinmtcl) an enfeebled gigantism produced b> 
prolonged and marked h)pcr pituitansm 
At seacn weeks or age 
two female bull dogs 
weighed t 87 and 5 0 kg 
Dad) mtra peritonea I in 
jectious of the sterile 
extract were given to the 
smaller dog from this 
time for fourteen months 
with gradual!) increasing 
dosage The chuigex in 
appearances axe shown in 
Figs 00 63 

After three and a half 
months’ treatment the 
lower jaw and skull in 



J-h 01 Tl e same two animats eigl t 
months later Treated animal on 
right (Tioni Tulnam Benedict and 
Teel ibid p 1710) 



lie 60 I rr«t of Ointnucl 

Injections of tic grmth 

I rim if 1< of tic anterior 

pituit ir> I itter nulc t nil 

dojs li rec m< ntlis after the 
lioginning or tie experiment 
Tie trialed «n rnal (on the 
right) was alrrad) sligl tl> 
larger tin » the control Nc te 
tic cnl irgcmciit of tongue 
and | iws (Iron) Putnam 
Benedict nmi Teel ireh 

Stirgert] HI ’9 sviil 1“0J ) 
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the experimental animal vert, perceptibh larger than those 
of the control, the tongue was larger and the animal stood 
higher After four months the animal became w eak and languid 
Muscular mo\ ements were poorl\ controlled The appetite 
increased. After six months sluggishness had increased 
Mot ements were plantigrade rather than digitigrade Owing 
to muscular laxitt, the spine sank beneath the scapulas and 
the experimental animal, although much heat ler stood less 
high than its control The abdomen w as large and pendulous 
There was prolapse of the vagina The animal suffered from 
stubborn diarrhoea Blood analyses revealed no striking 



Fjc 02 Skeletons of the treated and untreated animals at the 
end of the fourteen months experiment Treated animal ori 
right (From Teel and Cushing Fntfocnnology 1 W \iv, 

158 ) 

changes Sugar calcium and total phosphorus were shgbt)> 
high 

After elesen months the udders were abnormally large and 
colostrum could be squeezed from them The animal never 
went into heat ; its control sister did so at thirteen months 
After developing poly plngn, asthenia, snlorrhoea, and 
spontaneous lactation the animal died at the end of fourteen 
and a quarter months’ treatment, on a v erj hot day , the 
actual cause of death was myocardial failure and oedema of the 
lungs At death the dog weighed 44 kg , the control 23 5 kg 
The control was killed and the animals autopsied 

Comparison with the control showed absence of fat, dispro 
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portionatcly small and soft musculature, and a generalized 
splanchnomegily The heart and kidneys were enlarged the 
liver enormous, it showed passu e congestion and central 
necrosis with disappearance of liver cells The thyroid was 
much enlarged and microscopic examination showed an 
abnormally dense and cellular structure, with small acini and 
paucity of colloid The adrenals were not disproportionate but 
the cortex was relatively enlarged and showed numerous small 
adenomas measuring up to 
1 mm in diameter 
The ultimate skeletal 
changes arc well shown in 
Tig 62 The ovaries were 
large and contained ripe but 
unruptured follicles “ The 
uterus and vagina showed 
the most striking changes 
in the entire body The 
uterine horns were long 
18 cm in the injected animal 
as compared with 5 cm m 
the control, and stretched 
well up into the hypochon 
drram They were approxi 
mately twice the diameter 
of those of the control The 
vagina was greatly elon 
gated and the tissue deep 
and thickly furrowed The 
changes are shown in Fig 
63 

The pituitary yvas the 
same weight as that of the control 

The alkaline extract of Cushing thus produced definite effects 
on growth on the gonads on the thyroid and possibly on the 
adrenal cortex 

Evans and Ins co workers (86) have pointed out that the 
apparent production of acromegaly m these experiments (the 
gigantism is definite) is open to the criticism that the bull dog 
itself is normally of acromegalic type They have themselves 



I'm CS Vaginae uten and left 
ovaries of the two animals The 
vaginae ha\ e been laid open by an 
incision along the anterior wall 
Note the rugosity and thickness 
of the Sjiecimen from the treated 
nnimnl (right) (from Putnam 
Ilenedut and Teel foe nf |i 1719) 
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produced \er> definite results with hjpoph) seetomized dogs 
A tjpical experiment is pictured in Fig 64 
A puppj bitch was hj pophj seetomized at eight weeks of 
age Remo\ al of the pituitars was complete as esidenced 
by failure of growth during the next four weeks nnd by 
microscopic examination of the base of the skull at autopss 
Daily mtrapentoneal injections of an impure growth extract 
were then commenced After 3I| weeks of these injections 
the hypoph) seetomized animal was larger than its control 
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Fio 64 A P»ny 1 tch JITS was 1 ypoj h\s«tom zed at 
eight weeks of age I! 70 1 tier mate n ale control 
B Appearance four weeks later Inject on of growtl extract 
commenced C Appearance after two months of injections 
(From Evans rt al Wevimrs of the Uniters ly of Cat forn a 
1033 xi ) 

(Oestrus changes occurred just prior to this time while at 
autopsy the ovarian follicles showed considerable de\ elopment 
the uterus was somewhat enlarged and the thyroid showed 
marked hyperplasia ) 

Experiments with mice hate shown that the grow th principle 
produces correctlj proportional growth of the whole bodj as 
judged bj the relatne weights of the chief organs and the 
percentage dry' weight fat content ask content and calcium 
and phosphate content of the ash (25°) 

Thus the studies of dwarfs giants and acromegal cs extirpa 
tion experiments and those of E\ ans and Cushing and their 
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co workers which have just been outlined, afford convincing 
evidence tint the anterior pituitary controls grow th , it seems 
natural to suppose that a specific hormone is responsible for 
this control 

Restoration of normal growth Ins been demonstrated 
following pituitary implants into h> pophv scetomized (dwarf) 
tadpoles (4), and into a strain of dwarf mice (225) 

The Achondroplastic Dwarf Although achondroplasia is ugiull) 
considered to lie associated with the germ plasm itself from time to 




tiG ikl \ LiUer mate fcmsle dielishumU six tints old 
B The same nitim ils eleven and m Ii df months old II\ 20 
had been injected with the growth principle for tlnrtv live 
weeks Note the elongated liodv huge head and redundant 
skin (I rom Lvans e< at Memoirs of tl e University of 
California 1011 xi ) 

time the tlieory is advanced that the pituitarj maj he n causa] 
factor Evans and his associates (86) have ruled out the possibility 
of pituitarj involvement Among breeds of dogs the dachshund 
typifies this distortion of relative lengths of trunk and limbs 

riiej injected daitj a pituitarj growth stimulating preparation, 
freed from gonad stimulating hormones into a number of duh 
shunds, commencing with verj joung animals In each case 
a litter mate serv cd ns control The animals increased greatlj in 
size over the controls, gigantism being definite but still retained the 
achondroplastic form of the short extremities A typical pair 
(control and experimental animal) is shown in Tig 05 
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Preparation and Properties of Growth promoting Extracts 
Numerous investigators ha\ e attempted to prepare concentrated 
growth promoting extracts (cf eg 86 24 C 51 114) Within 
recent y ears owing to the claims of Riddle and others that the 
growth effects were not due to a specific factor but to a summa 
tion of effects of other pituitary hormones efforts ha\ e been 
especially directed to obtain preparations which will soleh 
promote growth without producing other known effects of 
pituitary hormones Most methods start by extraction with 
alkali in which the growth promoting material is soluble 
Dmgemanse Freud et al (cf 98) claim to ha\e obtained a 
highly purified preparation by adsorption on norite elution 
with liquid phenol and isoelectric precipitation The product 
was labile to heat acid and alkali was destroyed by pepsin and 
trypsin and was dialy sable its freedom from other hormones 
has not been established 

Evans and his colleagues (87) ha\ e described a method of 
fractionating alkaline extract of anterior pituitary by use of 
ammonium sulphate which they claim effects a concentration 
of growth hormone and a lessened concentration of thvrotrophic 
hormone , they detail additional methods for remov al of most 
of the latter and of the lactogenic hormone In a later paper 
(168) they have shown that the growth factor is unaffected b\ 
cy steine whereas the lactogenic hormone is precipitated and 
the thyrotrophic and gonadotrophic hormones are inactivated 
through ey steine reduction They ha xe therefore added this 
treatment to the method of purification of the growth factor 
Evans has shown further (88) bj experiments on hy po 
phj sectomized rats that the presence of the thyroid is 
unnecessary for promotion of grow th by such a purified extract 
but is necessary for the production of its maximal effect 
As already stated Riddle believes that growth effects are 
incidental to the combined actions of other hormones such as 
the lactogenic and thyrotrophic factors (cf e g 200) 

\ an Dyke (248) has recently commented that until further 
evidence is prov ided it is hazardous to affirm or to deny either 
that a specific growth hormone can be prepared or that a 
suitable combination of other pituitary hormones can imitate 
the recognized growth promoting effect of a crude alkaline 
extract of anterior pituitary tissue He further points out 
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that there is general agreement that the pituitary is the most 
important regulator of growth The problem still requiring 
solution is to determine what factor or factors is actually 
responsible for that regulation 
It seems to be generally established that the factor or factors 
concerned affect protein metabolism The store of resene 
protein is increased and the exogenous catabolism of ammo 
acids is decreased (cf 83) 

I rcud et al (9*>) state that the grow th promoting factor 
might well be termed the 



I io CO Alx>\ e Ovanes of litter 
mate c< ntrol rat Weight 21 mg 
Below Ovaries of experimental 
rot after thirty in | lantations of 
fresh rot I luitnry gland over 
eighteen days Weigl t 340 mg 
(Prom Colhp Proc Calfornm 
Acad Med 1010 ) 


chondrotrophic hormone 
since its point of action is 
the proliferating cartilage 
In experiments on rats they 
find that the epiphyses are 
closed soon after hypo 
physectomy, and that once 
this epiplnseal closure is 
completed it cannot be 
reversed by treatment with 
growth hormone Such 
treatment, commenced 
immediately after hy po 
phy sectomy pres ents closure 
and normal grow th continues 
The Gonadotrophic 
Principles Eudrnce for their 
Existence The retardation 
of sexual development and 
genital atrophy produced by 


ratios til of tlie pituitary have already been referred to 


(pp 367, 3G8) 

Zondek and Aschheim and Smith and Fugle showed 


independently and almost simultaneously late m 1926 that 
the continued implantation of anterior pituitary transplants 
into young female animals markedly accelerates sexual 
maturity The results of such work are s ery definite 
Daily transplants of anterior pituitary tissue from mice 
rats cats rabbits and guinea pigs into sexual l\ tmmaturc 


mice and rats produce precocious sexual maturity, as shown 
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by development and by mating — in mice at the ngc of fifteen 
days after five transplantations and m rats at the age of 
twenty two davs after eight transplantations In older animals 
the effect is produced more rapidly When the considerable 
degree of variability m the age of matuntv of normal female 
animals is remembered, the 
uniformity of response of the 
treated animals is the more 
striking 

The weights of the ovaries of 
precociously matured animals arc 
vastly greater than those of 
controls of the same age, and are 
even greater than those of con 
trols which have reached normal 
maturity Superovulation 
invariably occurs Such results 
are lllu trated in Figs 66 and 67 
The uterus corresponds m weight 
to tlvat of normal animals maturing 
at normal time and structurally 
the uterus and vagina are typical 
of the adult animal 

The genital system of the 
immature male is not so definitely 
affected The testes show a more Fl0 n A CrovJ 8ectIon of 
variable response the secondarv ovary of rat Sexual 
set organs are increas'd m Height f” 1 ""/ Lvcnth"^™ ‘o'r 
and m physiological activ lty life following four daily 

Similar treatment applied to the transplantations of anterior 

adult female rat leads to osar, an 

h\ pertrophy and superov ulation litter mate control (From 
The male exhibits no demonstrable Smith and Fngle Am J 
Anat 1S2~ 28 xl 188 ) 

response 

Ihe secondary sex responses are not shown in spaced and 
castrated animals The gonadal degradation following 
extirpation of the pituitary ceases following pituitary 
implantation and the gonads are restored to normal condition 

Pituitary implants from both immature and senile animals 
are active 
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Small implants into pregnant mice produce no untoward 
effect on the pregnancy Moderate sized implants lead to 
ovulation during pregnancy Large implants produce toxic 
effects and may lead to abortion 

W lule the precocious sexual dev elopment leads to a complete 
oestrus with ovulation m some proportion of female mice, and 
the majority of the animals will mate the second oestrus is 
delayed to a period later than that of normal first oestrus the 
first pregnanes is similarly delated This is possibly due to 
reciprocal action between the ovarian and pituitary secretion 
concerned (78) 

Implants from inale or female rats w Inch had been castrated 
two months earlier produced in female rats heavier ovaries 
than implants from normal rats The result is thought to be 
due to storage of the endocrine principle concerned in the 
so called ‘ castration cells of the pituitary of the castrated 
animal (84) 

In addition to the work just quoted the experiments of 
Cushing and Teel (p 374 and Fig 63) and of Evans (p 369) 
with impure growth preparations afford additional proof of 
gonadotrophic action while Collip s and Ev ans later work 
with purer growth principle preparations indicates that the 
two principles are not identical 

The evidence associating the gonadotrophic principles with 
the basoplule cells is strong but not vet final The chief 
climcnl evidence available is that from studies of pituitary 
basophilism (p 362) Reversely castration in man leads 
to marked increase in both the basophilic and chromophobe 
cells with cells present in stages of transition while vacuohza 
tion and colloid in the b isoplule cells suggest storage of the 
gonadotrophic principle (2a) similar changes occur in the 
rat (74) This is in hue with the evidence just quoted that 
pituitanes from castrated rats and rabbits are richer than usual 
in gonadotrophic material (cf 220 ) 

Zondek using implantation methods in mice (264) finds that 
the hormones are absent from the posternr pituitary of cattle 
and arc only present in slight amount in their pars Intermedia 
They are j resent in traces in the posterior pituitary of man but 
absent from brain tissue surrounding the third v entncle 

Evidence has already been mentioned which indicates that 
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the elaboration of gonadotrophic hormones is under nenous 
control, and that stimuli can be set up through the action of 
light (cf p 252), and some experimental work has been 
published which suggests that the paths of such stimuli are 
through the subthalamus by way of the accessory optic 
tracts (43) 

Zondek postulated two gonadotrophic hormones, prolan A 
and B, both produced in the pituitan The first is gameto- 
kinetic or gamogcmc, stimulating male germ cells and o\ arian 
follicles, and is now generally termed the follicle stimulating 
hormone (rSH) The second stimulates the theca cells of the 
o\anes to become thecalutein cells, and can stimulate the 
interstitial cells of the testes This is now usually termed the 
luteinizing hormone (Lll) 

The urine of women after the menopause or o\aricctom\ 
contains FSH only , the pituitary of long castrated horses 
contains FSH, and at most but a trace of LII Preparations 
from such sources stimulate oa arian follicles in female livpo 
phjsectomized rats without Juteimzation , in immature rats 
mice and monkeys, following stimulation of the follicles, there 
is a dela\ ed Iutemization due to the LH of their own pituitaries 
Such FSH preparations also restore to normal the seminiferous 
tubules of the atrophied testes of hy pophy scctomizcd male 
rats (224 52) 

These pituitary gonadotrophic hormones must be carefully 
distinguished from the chorionic gonadotrophic hormone of 
woman (APL) which resembles LH m its action, and the 
corresponding hormone present in the blood of pregnant mares, 
whose action resembles that of a combination of FSH and 
LH (cf Chapter ^ II, p 289) 

Additional e\ ldcncc of the chemical difference between these 
has been recently furnished b\ Fracnkcl Count Simpson and 
L\ms(96), who ha\c shown that c\steine completely inacti 
'ates the pituitary gonadotrophic hormones but has no effect 
on the placental hormones of woman or mare 

Se\eral other pituitary gonadotrophic hormones base been 
postulated These include a hormone for the specific stimulation 
of ovulation, and a synergic factor postulated to account for 
an apparent enhancement of the action of APL by addition 
of low dosage of pituitary gonadotrophic preparations Smith 
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considers the ex idcnce for existence of these is inadequate (224) 
\ anous substances including certain metallic ions augment 
the effect of gonadotrophic preparations (cf 2o9) 
f \ans (80) claimed to have separated a fraction which 
repaired the interstitial tissue of the hyp o p hy sec tomized male 
and female rat and which was not identical with FSII or with 
LH and which he m consequence termed the interstitial cell 
stimulating hormone ICS1I This is now generally con 
sidered to he identical with the luteinizing hormone (cf 243) 
>ior is there any conclusix e evidence for the separate existence of 
a so called * antagonist or of an activator which have both 
been postulated Thus Exans (90) reporting on the biological 
helms lour of purified FSH and ICS1I as studied in normal 
and hy pophy sectomized immature female rats states that 
(a) sxnergism (actuation) (ti) lutemization and (c) antagonism 
can all be produced b\ the simultaneous injection of these 
two factors under certain specified conditions (cf also 133) It 
therefore seems desirable to retain the customary terminology 
of the two pituitary gonadotrophic hormones FSII and LH 
Preparation and Properties Within recent years several 
methods have been published which the writers claim permit 
satisfactory separation of the two hormones 

Jensen Simpson Tolhsdorf and Exans (134) starting with 
40 per cent ethyl alcohol as extractant (it extracts practically 
all the FSH and 90 per cent of the LH) precipitate the 
actixc mntenal in the extract by increasing the alcoholic 
concentration to 85 per cent extract the precipitate with 
dilute acetic and at pH 4 and then adjust to pH 5 and add 
ammonium sulphate to half saturation The LH is precipi 
txted FSH remains in solution Further similar treatment 
efTects at least a 90 per cent separation while the potencx of 
the final produets is more than 100 times that of the original 
pituitary powder 

rex old (92) had previously published a somewhat similar 
procedure based on separation at pH 4 2 m presence of 
ammonium sulphate Ruiderhnecht and Williams (205) have 
reported that earlier methods of Exans and of Fexold did not 
gixe in their hands a satisfactory separation by that b\ 
modifying these (to a very complex procedure) they succeeded 
in obtaining a relatively pure FSH free from LH 
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The moderately pure preparations obtained b\ such methods 
hay e permitted more definite differentiation between the two 
hormones Thus Fey old (93) finds that FSH is precipitated 
and inacti\ated by picrolomc, picnc and flay lame acids (while 
LH is not inactisated), the activity of FSH is restored when 
the acids are remov ed from the precipitate 

Abramowitz and Hisaw ( 1 ) state tliat cry stalhne trvpsm and 
chvmotrvpsin completely destroy FSH, LH (and APL), but 
that commercial papain (while completely destroy mg APL) only 
partially destroys FSH, and has no action on LH (cf also 41 y) 

Eyans, Fraenkel Conrat, Simpson and Li(9l) ha\e sought 
to characterize the two pituitary hormones by their carbo 
hydrate and glucosamine content FSH is much neher in 
both than is LH (and also than any other pituitary hormone 
fractions tested) The maximum figures they found for Fbll 
were 13 1 per cent for carbohydrate and 8 1 per cent for 
glucosamine 

The Thyrotrophic Hormone Evidence for its Existence 
■Marked effect is produced on the thyroid both b\ induced 
hypopituitarism and b> induced hyperpituitarism Much of 
the experimental ey idence has been rey lewed by Thomson and 
Collip (242) 

Mhen the pituitary is extirpated in frog tadpoles deyelop 
ment of the thyroid ceases (p 368) Its remo\a! in adult 
toads leads to flattening of the thyroid epithelium and 
accumulation of rolJojd Conversely, jjyertjojjs or implants 
of anterior pitmtarj into salamander larvae (244) or adult 
toads (129) provoke hj perfunction of their thyroids The 
thyroid atrophies following h) pophv sectomv in y oung rats (50) 

Attention was focussed on the possible existence of a 
thyrotrophic principle bv the independent discovery by 
Loeb(149) and Aron (12) in 3929 that hyperplasia of the 
thyroid gland resembling the histological picture in Graves’ 
disease could be produced in guinea pigs bj injections of 
anterior pituitary extract This has since been confirmed by 
many im estigators for many mammals and birds Collip (52) 
giy es a full bibliography 

Schockaert has carried out yen accurate studies on the 
duck (209, 210) Following daily injections of potent extracts 
of boy me anterior pituitary into y oung male ducks, they show 
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a notable and rapid regression of the thymus, a very marked 
hjpcrtrophj of the testes and a definite increase m the size 
of the. thj roid The effect on the th}roid is apparent within 
twenty four hours and after three weeks the gland may 
reach more than thirty times the size of the thj roid in normal 
controls It shows progressne structural changes At first 
there is n complete excretion of all colloid material, and increase 
in height of the epithelium, with p)tnosis desquamation and 
Tiutosis Later, there is some formation of colloid, and the 
epithelium becomes of high columnar tj pc, forming hj perplastic. 
folds and papillae From the third week of treatment the 
\ esieles become large and are filled with a pale granular colloid 
the hyperplasia and height of the epithelium decrease 
At the end of the first week’s treatment the total iodine 
content of the gland lias fallen to between one tenth and 
one twentieth of the original amount Due to the increasing 
h} pertroph} , the percentage content continues to decrease 
but the total content is not much further affected (cf 44) 

W hen the treatment is continued for more than three w eeks 
there is a definite exophthalmos, a loss of down and an 
increased weight of the heart If the treatment is stopped the 
exophthalmos disappears m about a week 

Schockaert’s work shows defimtel} that as far ns the } oung 
duck is concerned, some principle of the pituitary controls the 
thxroid and causes discharge of its secretion and that excess 
of this particular principle induces a hyperth} roid condition 
Hie exophthalmos is due also to a pituitary principle 

lloussay and his co workers have studied the relationship 
m dogs Pituitar} extirpation tends to produce decrease in 
the weight of the thjroid with a tendency to atrophj The 
histological picture indicates hypoactixitj The iodine content 
of the whole gland is not affected, but the percentage increases 
due to the shrinkage of the gland 

On the other hand, injections of alkaline extracts of the 
anterior lobe of the pituitary cause a marked augmentation 
in the size of the thyroid e\en in h} pophx sectoimzed animals, 
with colloid resorption, h} pertroph), hjperplasia lowering of 
the iodine percentage, and a corresponding increase in the 
iodine content of the blood (128) 

The decrease in iodine content of the th)roid under thyro 
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trophic stimulation is paralleled by decrease in thyroxine 
content, indicating a definite discharge of the thyroid hormone 
(95), furthermore the actne iodine fraction of the blood is 
increased (110, 46, 265) According to Loeser, the thvro trophic 
hormone ev en controls the taking up of iodine by the thyroid 
(150) Administration of potassium iodide along with thyro 
trophic hormone mav present release of the thyroid hormone, 
but does not prev ent production of cellular proliferation of the 
thy roid (8) 

The autopsy on the giant bull-dog bitch whose gigantism 
was produced b\ prolonged injections of an anterior pituitarv 
preparation, showed amongst other findings an enlarged 
thyroid, with a dense and cellular structure, small acini and 
paucity of colloid (cf p 874) 

The findings in pituitary diseases are in harmony Acrome 
galy is often accompanied b\ a palpablv enlarged thyroid and 
by symptoms suggesting thyrotoxicosis When the thyroid 
gland has been remo\ed colloid changes of adenomatous type 
have been found but no evidence of toxicity (64) 

Ihc determinations of basal metabolic rate m experimental 
pituitary conditions and in diseases associated with the anterior 
lobe are also in harmony with the above findings Thus 
Foster and Smith (94) found that the basal metabolic rates of 
seven totally hypophysectomized rats showed an average drop 
of — 35 per cent as compared with forty four normals 
This lowered rate was restored to normal by either daily 
homotransplants of anterior pituitary or daily injections of 
thyroid extract, but not by daily injections of posterior lobe 
extract 

In human pituitary insufficiency the basal rate tends to be 
low In 107 cases in which this insufficiency was due to 
neighbourhood pressure from chromophobe adenomas the 
rates found varied from +10 to — 36 per cent , in most 
of the cases the figures were below — 10 per cent (64) (Cf 
also (29) ) 

In acromegaly, on the other hand the rates are either 
wosma.) cit bvgb \‘2&) Cwdwwg and D&x wlwft (64) found that 
almost half of seventy two cases of acromegaly had rates 
above -f- 10 per cent The maximum found was -f- 61 per cent 
In cases in which the basal rate was high reraov al of a pituitary 

SSDOC 13 
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cliromoplulic adenoma was followed by a fall in the rate almost 
ns uniform and striking as that following thyroidectomy in 
Graves’ disease (and this even in cases in which there was no 
palpably enlarged thyroid) 

Houssay and Axtundo have proved that the pituitary 
everts its influence on the basal metabolic rate through the 
thyroid, for they find removal of the pituitary lowers the 
basal rate, but subsequent removal of thyroid lowers it still 
further, while after initial thyroidectomy removal of the 
pituitary does not affect the basal rate (123) 

The acromegalic frequently exhibits a gly cosuria attributable 
to a lowered carbohydrate tolcruncc This may or may not be 
produced through thyroid intermediation 

These results and observations arc nil in agreement with the 
view that a hormone of the anterior pituitary controls the 
output of the thyroid hormone Any increased pituitary 
function (as far as the anterior lobe is concerned) leads to 
increased output of the thyroid secretion and may even cause 
hypertrophy of the gland Any decreased pituitary function 
of this kind leads to decreased thyroid output and even to 
atrophy Whether pituitary hyperfunction can in any wav 
be regarded as a prime factor in the production of Graves 
disease or of other clinical hvperthyroid conditions cannot be 
y et stated 

Marine has been able to produce marked thyroid hy pcrpla a 
accompanied by exophthalmos in immature rabbits by daily 
intramuscular injections of 0 05 to 0 1 c c of methyl cyanide 
Even thyroidectomized rabbits develop exophthalmos following 
this treatment (105) It has been shown by a number of 
inv estigators (228, 244 149) that acetic acid extracts of anterior 
pituitary contain the thyrotrophic principle Such extracts 
produce exophthalmos m both normal and thyroidectomized 
guinea pigs indicating that exophthalmos is not dependent on a 
normal or an abnormal thyroid seaetion (Cf also Iricdgoad (100) 
who states that sodium iodide can temporarily inhibit the effect 
on the basal metabolic rate ) 

Marine (165) has put forward the following hypothesis of 
the action whereby cyanide (exogenous or endogenous) i fleets 
the thyroid gland, and sirmdtancousfj produces evopht/ishioi 

Cyanide inhibits tissue oxidations Amongst other tissues 
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the hypothalamic centres are affected These stimulate the 
anterior pituitary , so that discharge of its thyrotrophic factor 
is increased, and the th\roid subsequently exhibits hvper- 
trophj and hyperplasia At the same tune the sympathetic 
system is stimulated, either directlj or through the pituitary 
and a hjpo thalamic centre, and therebj the pupillo dilator 
and Muller’s muscles are affected, and exophthalmos results 
Typical h> perplastic changes hn\e been produced in vitro 
by suspending slices of dog's thjroid in serum saturated with 
oxygen at body temperature, and adding a thvrotropluc 
concentrate (71) Hence the action is direct This direct 
action is also shown bj the fact that the thyrotrophic hormone 
stimulates thyroid transplants as rapidly as non transplanted 
thyroid The action must take place through the blood stream, 
and not through a nervous mechanism (164, 125 140) 

Administration of pituitary extracts containing the thjro 
trophic hormone produce an increase in the basal metabolic 
rate of all patients with functioning thyroid tissue No effect 
i5 produced in patients with marked myxoedema, but in those 
with mild myxoedema the basal rate can be raised to normal, 
patients with non toxic goitre can be rendered toxic, and the 
condition of patients with Gra\es disease is made worse bj 
such treatment The effect is always temporarj , and the hasal 
rate alwajs returns to the pre treatment \alue or e\cn lower, 
while second courses of treatment fail to affect the basal rate 
(cf Chapter X) , thyroid and thyroxine are still effects e in 
this refractor} stage (241, 212, 218) 

Preparation and Properties of the Thyrotrophic Principle 
Most of the experimental work with this hormone has been 
done with fairlj crude extracts prepared variously bj saline 
suspensions or acid or alkaline extractions (cf 80) Probably 
the purest preparation jet available is that of Anderson and 
Collip{7) Thev commence with the filtrate and washings 
from the calcium phospliate precipitate formed in an alkaline 
extract of anterior pituitars during their preparation of the 
growth principle These arc repcatcdlj precipitated with 
ammonium sulphate and the precipitate dissolved in alcohol 
or acetone, until fmallj a pure white protein like substance is 
obtained This mi) contain traces of the adrenotropbic 
hormone, but lias no growth promoting properties 


IS— a 
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This product is readily soluble in water and dilute acids and 
alkali, but is insoluble in lipid" solvents though soluble m 
aqueous alcohol ether and pvridine It is stable in powdered 
form but decomposes in aqueous solution Statements 
concerning its resistance to best i ary It does not dialyse 

It raises the basal metabolic rate of guinea pigs and rats 
and protects mice against acetonitrile poisoning \\ hen 
administered to rats it increases the excretion of calcium 
corresponding to that which occurs in hyperthyroidism (cf 
p 104) while it increases the creatine output just as does the 
administration of thyroxine (181, 182) and depletes the User 
of the guinea pig of glycogen another thyroid effect (72) It 
decreases the serum cholesterol content m rats and dogs (180) 
When the extract is administered to hypophysectomized rats 
it prevents the atrophy of the thyroid which usually follows 
such operation (7) 

All known thyroid effects nre produced so far as the material 
has been tested for them Rowland and Parkcs (206) 1m c 
described a method of assay 

The Lactogenic Hormone, Prolactin The existence of this 
hormone has been firmly established bv Riddle and his 
colleagues and by other groups of workers who have suggested 
other names such isgalactin (102 159) and mammotropm( 155) 

Findence for the Fxistence of the Hormone Riddle obtained 
by isoelectric precipitation of an acid extract of anterior 
pituitary tissue a fraction which stimulated development of 
the crop gland m male female or castrate pigeons (202) 
Crude extracts of anterior pituitary produre copious lactation 
in virgin and in dry goats (79) iu virgm heifers and in normal 
bitches (154) That lactation depends on pituitary function 
is shown by the fact that when lactatmg rats arc hvpo 
phy sectomizcd lactation stops (50) while the extract is effective 
m producing lactation after hypophysectomy and after 
castration This also holds true for bitches Male dogs after 
pre treatment with oestrogenic principle reacted to alkaline 
extracts of anterior pituitary by a copious flow of milk (122) 

Preparation and Properties of Prolactin B itexand Riddle (16) 
extract pituitarv tissue with 60 to 70 per cent aqueous etliv 1 
alcohol The alcohol content is raised m the extract and the 
pH adjusted to C 0 The gonadotrophic thvrotrophic and 
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lactogenic principles are all precipitated Separation of 
prolactin from the others is effected by taking adv antage of its 
insolubility between pH 3 and 4, in presence of sulphates, and, 
further, through its solubility in aqueous alcohol Bates and 
Riddle estimate that about 70 per cent of the prolactin present 
in the original tissue can be thus obtained in one fraction, 
uncontaminated by gonadotrophic or thyrotrophic principle, 
and that it can be considered as approximate!} pure 

hite, Cafcchpole and Long (257), bj dissoh in g a prolactin 
concentrate in 13 per cent acetic acid and adding a little 
pyridine, and repeating the procedure man} times with the 
cloudy precipitate which resulted, finall} obtained crystals 
which were believed to be pure prolactin, apparentl} a protein 
This work still lacks confirmation 

Ketene, which acet} lates ammo groups, rapidlv destro} s the 
actrv it} of prolactin, indicating that amino groups are essential 
to its activity (147) 

As already indicated in the previous chapter, lactation is 
a complex process Development of the mammary glands 
to the stage of storage of their secretion seems brought about 
b} oestrone (or oestradiol) and progesterone , actual flow of 
milk is produced by prolactin, and aided b} subsequent nervous 
mechanism set up through the act of suckling which perhaps 
sets up nerv ous stimuli leading to production of more prolactin 
There is some evidence that the oestrogenic compounds depress 
the formation of prolactin during pregnancy (J7I) 

Prolactm is without influence on the immature mamman 
gland and is onl} effective following adequate oestrogenic 
stimulation (103, 6, 122) A fairl} large amount of it seems to 
be secreted daily m the milk of lactating women (155) 

The pli} siological actions of prolactm have been extensively 
studied by Riddle and his colleagues (203) They have found 
excellent evidence associating it with four (not unrelated ) 
functions It produces lactation in mammals, after the 
mammary glands have been previouslv stimulated by oestro 
genic principles It produces the related crop gland response 
in pigeons It represses the active mature gonads of birds, and 
is quite possibly the agent which represses ovulation during 
pregnancy and lactation in mammals It induces “ broody ” 
behaviour — the incubation (nesting) instinct — in fowls, and is 
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therefore probably associated with maternal bclaviour m 
mammalian species including woman and even in some 
rqitiles amplubnns and fishes It has indeed been shown 
that the injection of prolactin induces definite maternal 
behaviour in virgin rats as shown by the retrieving cuddling 
and protection of young in their vicinity, nnd by nesting {20 i) 
Similar results have l ecn obtained with male rats following 
chronic administration of bovine pituitary implants (although 
the picture is somewhat confused by the statement that 
thyroidectomy will also induce them) (158) 

These varying effects induced by prolactin are gi\cn by 
none of the other pituitary principles and obviously all are 
associated with the care and feeding of the scry young 
Prolactin produces a marked cnlorigcnie action the 
mechanism in unknown (199) 

The methods used for isolation of prolactin when applied to 
other tissues and body iluids indicate that a lactogenic 
substance is present in liver, placental extract milk and 
urine (180) Such a substance has been detected in the urine 
of new born babies and may well be responsd le for the 
production of witches milk in the infantile breast (150) 
Piddle summarized the chief results of work on prolactin (198 
201) as follows 

I’lie hormone prolactin elicits a rel ited scries of responses 
though quite different tissues arc invoh ed in these responses 
Despite differences in the responding tissue a unity or orgamza 
tion is observed in the circumstances that all respoi ses relate 
to feeding or care of offspring 

Certain hitherto unanaly z&ble aspects of cyclic beliaviour 
find their more immediate explanation m the periodic, release 
of prolactin from the animal s pituitary gland 

It is thought that for the first tmie in the psychic sphere 
a normal development or response is found to rest upon a 
succession or cliam of hormonal actions In this case the senes 
runs estrm — progestin — prolactin 

In an otherwise fully equipped animal the birth of an 
instinct as a response to a hormone seems to warrant the 
conclusion that to this animal the hormone temj oranly adds 
a new element of consciousness 
Claims have been made that the clinical use of prolactin 
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gives beneficial results (142 25 o 234 137 a) It is unlikeh to 
have commercial application It will increase the milk yield 
of lactating cons and goats 25 to 50 per cent hut following 
cessation of its injection the milk v leld falls to pm ious lex els 
nor mil it bring back to lactation cons which haxe gone 
dry (80) 

The Adrenotrophic Hormone 1 Fudence for its Fxisience 
It has been seen that in experimental giant animals adrenal 
lesions may occur and further that m pituitary basophilism 
there may be adrenal cortex inv olvement The close 
resemblance between the syndromes of pituitary basophilism 
and adrenal cortex tumour m itself suggests a close inter 
relationship 

Smith (1930) and Exans (1932) show ed thit marked atrophy 
of the adrenal cortex follows bypophy sectomy in the rat and 
that this can be repaired b\ pituitary implants or injections of 
pituitary extracts 

Ex idence for the separate existence of an adrenotroph c 
hormone of the anterior pituitarv is found in the work of 
Exans Ifoussay Anselmino and Collip Exans (86) showed 
that certain pituitary extracts prevent or restore degenerative 
changes in the adrenal cortex of hj'pophvsectomized animals 
particular!} m the zona fascrculata and zona reticularis 
Such injections produced an increase in cell cytoplasm and 
partial Tecov er} of lipoid granules He was able to show that 
the gonadotrophic principle was not involved but could not 
exclude the grow th principle 

Houssay (127) has shown that hypophy sectom} produces 
atroph} m these two zones of the adrenal cortex while the 
glomerular zone hypertrophies The medulla is not affected 
m structure or adremne content Actual h}pofunction of 
the adrenal cortex is shown by symptoms was not demon 
strable Injection of an anterior pituitary extract produced 
increase m weight and a total hypertrophy in the adrenals of 
the dog Such action can be produced in absence of the 


* Th s compound is concemet will the adrenal cortex and not nth 
the medulla Hence tf e term adrenotroi he is too inelu ive and 
intcrrenotroj he I as been suggested instead S nee n animals do not 
possess an intencnal gland tl is term is al o open to ent cism Adreno 
corttcotrophic has also been used 
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pituitary th\ roul and gonads and after section of the splanchnic 
ner\es 

Anselnuno and Hoffmann (9) use ns a biological test for 
the hormone increase in size of the adrenal cortex of the 
castrated infantile female mouse and increase in number and 
size of the cell elements in the fascicular and reticular zones 
By the use of this test the} hax e show n that the hormone can 
be separated b} ultra filtration (through 8 per cent acetic acid 
collodion) from the gonadotrophic th\rotrophic growth 
lactogenic and other hormones It is present in the acid 
ultra filtrate which onl} contains in addition the diabetogenic 
hormone The substance is water soluble but insoluble m 
lipule sohents It is precipitated from aqueous solution by 
excess of alcohol or acetone Its properties suggest a relatn el> 
small molecule 

Collip (52) criticizes results obtained with animals w ith intact 
pituitaries since he points out that adrenal cortical hypertroph) 
cm also result from administration of numerous non specific 
toxins 

Collip found that in treating hvpoph} sectomized animals 
w ith crude thyrotrophic extracts the adrenals were frequentl} 
restored to normal along with the thyroid but as the purit} 
of the thjrotrophic preparations increased the effect on the 
adrenals became less Hence he tested extracts from the 
alcoholic mother liquors from which most of the thyrotrophic 
principle had been remoi ed (cf p 387) and found that the} 
had excellent adrenotroplnc actiyit} From a 75 per cent 
acetone soluble fraction he obtained on concentrating in the 
aqueous phase at pH 5 to 6 a fine flocculent precipitate which 
was remoy ed extracted with dilute ammonia and the ammonia 
remox ed from the extract b} y acuum distillation The residue 
tested on hypophysectomized rats had no thyrotrophic actiyit} 
but restored the ntroplned adrenal cortex to normal m dail} 
doses of a quarter of a milligram 

Tins extract has no effect on growth or on the gonads 
and Colbp c( raiders it as pure a preparation of an} pituitary 
principle as he 1ns been able to obtain (49) 

Fxtncts of anterior lobe of the pituitar) hase been found 
beneficial in certain cases of Addisons disease The effect 
is presumablj due to the adrenotrophic factor and limited to 
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those cases in which destruction of adrenal cortical tissue is 
not complete (258) 

Other Suggested Anterior Pituitary Hormones Claims have 
been made that a parathyrotropkic kormone is produced (10), 
and various ev idence appears to lend some support (cf , eg, 
216, 118, 3), but no recent work supports the \ lew that a special 
hormone of the pituitary specifically controls the parathyroids 
Colhp has v ery recently shown that an 83 per cent alcoholic 
extract of pituitary tissue, rapidly prepared and concentrated, 
and kept at low temperature till used, when fed orally to 
hypophysectomized; rats had a trophic effect on the so caffed 
“ dark cells ” of the adrenal medulla w Inch ma\ relate to 
some function not associated with production of adrenine , he 
suggests that a “ medullotrophic principle ” of the anterior 
pituitary is responsible for the results observ ed (47) 

This extract also produces mild hvpoglicaemic effects in 
normal fasted monkey s and rabbits and has pro-\ ed beneficial 
m at least one case of human diabetes It has no effect on 
carbohydrate metabolism in absence of the pancreas 
The Pituitary-Adrenal-Pancreas Control of Metabolism 
Numerous clinical and experiments 1 facts indicate that the 
pituitary exerts great control o\cr carbohydrate and fat 
metabolism, though the extent to w hich this control is exerted 
directly by pituitarv hormones, or indirecth by their control 
of other endocrine glands, is still not clear Some of the 
recognized outstanding facts follow 
The acromegalic frequently exhibits a low ered carbohydrate 
tolerance and may show gly cosum (cf p 361) Some propor- 
tion exhibit a true diabetes mellitus, from which they may 
recover either spontaneously (54), or after removal of a 
pituitary tumour (73) 

Antagonistic action between the pituitarv and the islets of 
Langerhans seems to exist in most vertebrates It has been 
demonstrated for the dog and toad (126, 105) cat (151), 
fish (178), \anous batrachians and a snake (128) Iloussay 
first showed that when the anterior pituitary is remov ed in the 
toad subsequent pancreatectomy does not produce diabetes, 
but pituitary implants can then produce it On the other hand, 
the hy popliy sectomized dog is much more sensitiv e to insulin 
than a normal dog 
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In the dog after removal of the whole pituitary, 
pancreatectomy only causes a mild diabetes, and the animal 
can survn e for a long time Such a dog minus pituitan and 
pancreas, and now usually termed the “ Houssay dog ” though 
not completed free from the sjmptoms which follow 
pancreatectomy, may live for many months without specific 
treatment, but finally becomes more and more undernourished 
extremely cachectic, and dies This Housstv dog shows an 
exaggerated hyperglycaemic response to a meal and may 
exhibit glycosuria with howeier, but little ketomma It is 
tery sensible both to insulin and to certain * diabetogenic ’ 
pituitary extracts It can be balanced b\ careful combined 
treatment with insulin and suitable pituitary extracts and then 
resembles the pancreatectomized dog balanced with insulin 
though with a higher respiratory quotient It can store liier 
glycogen (Cf 52 22, 221 ) 1 

Long (152 153) has shown that the ndrenalcctonuzcd 

depancreatized cat and dog if just maintained with adrenal 
cortical extracts, presents a somewhat similar picture, suggest 
mg that at least part of the pituitary effect is mediated through 
the adrenals In further work on rats he has strengthened 
the evidence that pituitary participation in carbohydrate 
metabolism needs the presence of functioning adrenal cortical 
tissue, though the pituitary hormones may not necessarily act 
through the adrenal cortex in this connection (cf 83 243) 

The hypophy sectomized animal is very susceptible to pro 
longed fasting, which may lead to a fatal h\ poglycaemn 
though the fed animal has a normal blood sugar In human 
hvpopituitary states hypogly caemia may be present (52) 

After liypophysectomy there is incrensed oxidation of carbo 
hy drate and diminished formation of glucose from ammo acids 
(the latter possibly being traceable to the induced hypo 
thyroidism) (243) 

Alkaline extracts of anterior pituitary are diabetogenic 
Such extracts when injected along with insulin lessen its 
effect Similar extracts can be prepared from urine especially 
diabetic urine (52 1G7), though their identitv with a pituitary 
factor is not proved (cf 254) 

« An apparent case of tte Houssay pi en omen on in nan has leen 
rejorted (140a) 
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It has long been known that alkaline extracts of the pituitary 
when injected into rats induce ketonuria (Burn and Ling, 3028} 
and ketonaemia (Hoffmann and Anselmmo 1931), and a special 
hormone has been postulated, variously termed “ fat metabolism 
hormone,” 44 orophysm,” and the 44 ketogemc hormone ” (52) 
Extracts supposedly rich in this hormone ha\e been prepared 
(11, 52) Claims hav e also been made for 44 lipoitnn,” supposed 
to increase blood lipides, and a 44 pancreatrophic hormone,” 
supposed to control the islets of Langerhans (cf 52) There is 
no com mcmg evidence for these 
Young has published unportant results within the past two 
or tliree years He has shown that if crude saline extracts of 
fresh pituitary tissue are injected daily into dogs, cats, or 
rabbits, on the third or fourth day the animals exhibit hyper 
glycaemia, polyuria, glycosuria, and ketonuria These subside 
and disappear within two or three days, but if the amount 
injected is increased every third day a continuous diabetes 
results, and, when a sufficiently severe state has been produced, 
it will persist in dogs even after cessation of the injections 
Such animals do not develop excessive loss of weight, and may 
surv ive for sev eral months without insulin treatment A high 
carbohydrate diet, however, causes rapid loss of weight The 
islets of Langerlians are definitely affected, the degenerative 
changes indicating exhaustion and loss of function (262, 166) 
Young’s work has been adequately confirmed (38, 68) 

The type of action produced by Young's crude extracts 
is not produced by purified or heat treated extracts (124) 
indicating that the purification and heat have destroyed the 
hormone responsible for them 

The somewhat confused mass of data, of which only part has 
been recorded above, does not as yet permit a complete and 
simple interpretation It must be borne m mind, however, 
that O Donovan and Colhp’s metabolism factor of the pars 
intermedia depresses oxidation of carbohydrate, and increases 
combustion of fat, producing ketonaemia, decreasing total body 
fat, increasing liv er fat, maintaining hv er and muscle glycogen, 
and increasing resistance to insulin (cf p 341), so that 
this single hormone is at once ketogemc, glycostatie, and 
glycotrophic 

Thomson and Colbp in a recent rev lew (243) point out that 
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pi tin tar) extracts might produce hypcrgly caemia and gly cosurm 
in three wajs, (i) by depression of islet tissue (to an extent Hint 
mav become irrc\ ersible), (u) by stimulation of the adrenal 
cortex, and (in) by inhibition of carbohydrate metabolism 

The third method is a function of the metabolism factor, and 
is probably exerted directly on the liver 1 he second procedure 
is produced by the adrcnotroplnc factor The first procedure 
may be the result of an exhaustion from continuous hyper* 
glycacmic stimulation produced by the metabolism factor 
(with possible aid from the adrenotrophic and thyrotrophlc 
f ictors), or may be due to a specific hormone of the pituitury 
winch directly stimulates the islets of Langerhans But there 
is fts yet no convincing evidence for supposing the existence of 
such a hormone 

Thus the control of metabolism by the pituitarv may well be 
traceable solely to the three recognized hormones, the thyro 
trophic, adrenotrophic, and especially the metabolism hormone 
of O’Donovan and Colhp 

The Actual Number of Pituitary Hormones 

As indicating the confusion at present existing allied perhaps 
with an undue optimism, a recent writer stated that the anterior 
pituitary probably develops thirteen hormones, while the 
posterior (or more probably the intermediate) lobe develops 
nine (250) 

It is interesting to record the opinions of a few more critical 
writers Tensen and Tolksdorf (132) in a recent review pointed 
out that different investigators have seriously postulated the 
following hormones of the anterior pituitary (A) (■onado 
trophic hormones, (I) follicle stimulating, (2) luteinizing, 
(3) interstitial cell stimulating, (4) the antagonist, (5) the 
synergist (6) the activator, (B) the thyrotrophlc hormone, 
(C) the adrenotrophic hormone , (D) the lactogenic hormone , 
(E) the growth hormone, (T) metabolic hormones (1) diabeto 
genic, (2) ketogemc, (3) pancrcatropliic, (4) glycotroplnc, and 
(5) gly costatic It will be seen that in all some fifteen hormones 
are here suggested Jensen and Tolksdorf examining the 
available evidence, conclude that at present there is only 
reasonable support for the existence of the following (a) the 
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follicle stimulating hormone, (6) the interstitial cell stimulating 
hormone (which they think, is identical with the luteinizing 
and thyrotrophic hormones), (c) prolactin and (d) the adreno 
trophic hormone (which they think, produces the glvcotrophie 
effect) Thus the) reduce the total to four 

Riddle was one of the first to challenge the graduall) 
increasing list of postulates, and insists that the grow th effects 
of pituitary extracts are due to the combined effects of prolactin 
and one or more of the other factors (200) 

Collip(48), writing in 1936, stated, “My considered opinion 
is that the normal In mg gland (anterior lobe) produces profaabl) 
not more than three hormones I beliei e, for example, that one 
prosthetic group of a single protein molecule represents the 
growth hormone actn lty, another prosthetic group the adreno 
trophic effect, and still another prolactin or the mammary 
secretagogue action I am in agreement with Evans that 

extracts can be so processed that it can be shown that the 
prolactin effect is due to a different substance than that 
responsible for the growth effect, but I belies e that each 
of these effects, together with the adrenotrophic effect, is due to 
a different constituent of a protein molecule itself a single 
substance m the living gland ” 

Diseased states at present afford the best clue to the associa 
tion of individual hormones with acidophile or basophile cells 
The acidophile tumours of acromegaly (with its occasional 
hypertin roidism) associate the growth and thyrotrophic 
hormones with acidophile cells The basophile tumours and 
hyaline changes of basophile cells in Cushing s disease associate 
these cells with the adrenotrophic hormone (though Rasmussen 
(190) considers that they arc degenerating rather than actn ely 
secretmg), while other ex idence, already quoted (cf p 380), also 
associates the gonadotrophic hormones, or at least the follicle 
stimulating hormone with these cells 
At present it seems possible, conservative]} , to make the 
following statements 

The posterior pituitary lobe produces, m its pituieyte cells, 
two hormones, oxy tocin and \ asopressin 
The pars intermedia produces a melanophore dispersion 
hormone, probably identical with the “ intermedin ” which 
affects fishes, and possibly identical with O’Donox an and 
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Collip s metabolism factor In animals possessing no pars 
intermedia its function devolves on the anterior lobe 
The anterior lobe produces (I) and (2) two gonadotrophic 
hormones follicle stimulating and luteinizing one (cf 190) or 
both of which are produced in the basoplnle cells (3) a thjro 
trophic hormone probably produced by the acidophile cells 
(4) an adrenotrophic hormone probably produced by the 
basophile cells and (5) a lactogenic hormone Further the 
growth effects produced by pituitary extracts are probably 
due to a specific hormone, but the final proof for this is still 
wanting In any case these growth effects are associated with 
the activities of the acidophile cells 

It is by no means certam however that the five or six 
hormones so listed actually arc produced as such by the two 
types of cells in the anterior lobe Collip’s surmise seems verj 
possible and the functioning cells maj in reality only produce 
two or three hormones combining the above effects those 
present in concentrated extracts and exhibiting separate 
activities being only artefacts produced during their preparation 

Clinical Use of Anterior Pituitary preparations 
Clinical trials of the concentrated extracts now available 
hav e giv en some good results (cf pp 348 850 852 391 393) 
It must be stressed that m spite of some apparent clinical 
support due probably to a mixed therapy there is no com incmg 
evidence to indicate that any effect is produced by oral 
administration of anterior pituitary preparations (184 144 
146 85) (Cf however p 393) 
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Introduction 

The literature contains a large number of suggestions that 
certain phenomena indicate the existence of new endocrine 
compounds There is no appearance of anj falling off in the 
number of such suggestions through the dev elopment of more 
critical tendencies 

Of all the hormones dealt with in this chapter only the 
existence of secretm can be considered as defimtelv established 
The others w ill therefore be \ er\ brief!} dealt with although 
a few of them almost certainlv ha\e a real existence 

Actual and Presumptive Hormones of the Gastrointestinal Tract 

Secretm The classical work of Bajhss and Starling in 
1902 demonstrating the existence of secretm and its action 
m stimulating the outflow of pancreatic juice and bile was 
confirmed at that time b> numerous investigators Little 
further work of importance on this compound w as accomplished 
until lt)28, when J Mellanb} made active preparations b> 
extracting pigs duodenal mucosa with absolute alcohol and 
subsequent fractionation with acetone and precipitation with 
acetic acid Bile salts were initial!} added to the alcoholic 
extract, secretm being precipitated with the bile acids on 
acidification Subsequenth use of bile salts was omitted 
By his final method Mellanby obtained from 1 kg of fresh 
tissue 20 mg of a white amorphous powder slightly soluble 
in water soluble in dilute alkali and aqueous alcohol, and 
insoluble in lipide solvents It appeared to be a polypeptide. 
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containing sulphur but no phosphorus it did not dial) se through 
collodion and its activ lty was rapidly destroyed hj tryptic 
digestion (SI) 

Agren and \\ dander in 1933 obtained a similar prepar ition 
which was active when injected into cats in dosage of 0 005 mg 
per kg (2), this was then obtained m crystalline form and 
found to be a polypeptide with a molecular weight of about 
6,000 and one atom of sulphur to the molecule (17) 

Grccngnrd and Ivy (15) have isolated secretin as a crystalline 
picrolonnte which can be rccry stalhzcd without loss of nctiv ity 
They consider that it has a simpler molecule than earlier w orh 
suggested One hundred pieces of the first 0 feet of hog s 
intestine Melded Oo gm of the picrolonate which by acid 
hydrolysis gave 0 08 gm of free secretin (of which 0 011 mg is 
equivalent to one Ivy dog unit ) Their free secretin gives 
negative nmhydnn Hopkins Cole and Millon s tests and a 
doubtful biuret reaction It is very weakly basic and appears 
to contain no free amino or carboxy groups It is completely 
inactivated by treatment with potassium permanganate 

The discrepancy between the results by these different schools 
of investigators obviously needs clarification 

Scott and Still (87) have found some evidence for the 
existence of a pro secretin 

According to Florey and Harding (11) the secretion of 
Brunner s glands is under the control of secretin 
Nothing is known of any condition associated with hyper or 
hypofunction of secretin 

Gastrin The discovery of secretin in tl e duodcnil mucosa lei 
|>crhajs too suggestively to claims that a similarly f motioning 
compound gastrin existed m the g- str c mucosa (ii) S ibscquently 
such claims did not seem to he justifiably established and endo 
crmologists have tendcl to dislcheve m the existence of gastrin 
Murhn (32) has reviewed the early work on gastrin Ivy(.l) in 
19>5 transplanted a sm ill stomu 1 bog from the f Indus of that 
organ along with its blood supply into tl e mammary gland of a dog 
wh ch 1 ad recently suckled a I ttcr of pups Vfter a new blood 
supply ha l become estal 1 shed he severed tl e ori n nal supply and 
along witli It anv extru sic nerves wh eh haj pened to be present V 
fistulous ojenin„ Into this pouch enabled its secretory activity to 
be studied \\ henever the dog vvns fed tl c pouch secreted gustr e 
jufee Since the only possible connection betneen the norroiJJy 
functioning stomach and the pouch was by way of tl e circ itation 
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Murlin considers that an endocrine control of the stomach has been 
established b\ this experiment, nnd that normal!} gastrin is formed 
b\ the gastric mucosa in the p}lone portion whenever food reaches 
this region, is then absorbed into the blood and so ultimately reaches 
the glands of the fundus There is thus a provision for continuous 
secretion of gastric juice after the initial (ps> chological) central 
nervous control ceases 

Ivy has, more recentlv, isolated histamine from acid extracts of 
the p}loric mucosa, and his results at first suggested that gastrin 
might be histamine (34) Babkin has recently reviewed the expCTJ 
mental evidence concerning the chemical phase of gastric 
digestion (3) His pupil Macintosh (29) can find no evidence that 
the histamine content of blood is increased during digestion (while 
It is less than the histamine content of the gastric juice), and 
discusses the possibility that histamine merely mediates the 
secretorj action of the vagus on the parietal cells of the gastric 
mucosa Komarov (25) claims to have extracted from the pvlonc 
mucosa a protein like substance with secretagoguc effect on the 
fundic glands of the stomach this material is free from histamine 
It is present in lesser amount in the duodenal mucosa and its 
presence is believed to support the gastrin theorj Babkin 
believes that histamine plays a part in the first or nervous phase of 
gastric secretion while ‘gastrin ’ probabl} pla}s a r6le m the 
second phase (3) 

Babkin has shown that histamine stimulates the parietal cells of 
the gastric glands (and can inhibit the activatv of the peptic cells in 
appropriate concentration) Its diagnostic clinical use is limited 
to determining the abilitj of the stomach to produce hydrochloric 
acid Babkm has shown further that subcutaneous or intravenous 
injection of insulin provokes a copious secretion of gastric juice m 
animals and man only a little less acid than that produced b> 
histamine, but rich in pepsin and mucus Insulin administration 
therefore stimulates both parietal and peptic cells and does this 
presumabl} through production of a hypogl) eacmia v\ hich stimulates 
appropriate brain centres to cause the needed vagal stimuli (3) ) 

Cholecystoklnln Ivy found bv cross circulation experiments that 
when acid is injected into the duodenum something passes into the 
blood which causes the gall bladder to contract He claims (23) to 
have prepared an extract from the upper intestinal mucosa free from 
secretin, which when injected into dogs cats or man (but not 
rabbits) causes contraction and evacuation of the gall bladder He 
considers that an endocrine principle is involved, which he terms 
eholecystokimn Still has obtained similar results (38) (Cf also 
40,20) Agrcn has prepared a highly active extract, free from 
secretin (1) 

Enterogastrone An extract has been prepared from the upper 
intestinal muro'-a which inhibits gastric motiht} and secretion and 
is believed b} Ivy to contain a specific hormone which he terms 
enterogastrone It is considered to be liberated from the intestinal 
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mucosa when neutral fat and glucose come into contact with the 
mucosa Urine also appears to contain this substance (14 22) 

The Insullnotrophlc Principle of the Duodenum Heller (18) showed 
that when extracts pf duodenal mucosa were injected into normal 
rabbits just prior to injection of a definite amount of glucose solution 
the degree of hyperglycaemia was less than would be produced by 
the glucose alone This could not be attributed to secretin which 
possesses no hypoglycaemic action (30) Laughton and Maeallum 
prepared an extract from the duodenal mucosa freed from protein 
and peptone, and still showing the actnity described by Heller (28) 
This extract when injected into depancrentized dogs was inactive 
This suggested that the effect is produced through increased output 
of insulin A more concentrated extract was made by extracting 
n desiccated preparation of duodenal mucosa with acid alcohol 
evaporating the extract and extracting the residue with hydro 
chloric acid , calcium phosphate was added to the acid extract 
and the solution adjusted to pH 7 8 to 8 The precipitated calcium 
phosphate carried down the active principle and was dried and 
desiccated for use 

Laughton and Maeallum state that this preparation has no 
hypoglycaemic action on normal animals but controls experimental 
livpcTgly cacmia m them It has no effect on the hyptrgly cacmia m 
totally depancreatizcd dogs but lessens that following the admimstra 
tion of glucose to partially depancreatizcd animals 
Good results have been reported following the clinical use of 
this extract given orally in diabetes melhtus (8) 

La Barre aud his colleagues (27) have proceeded from the observa 
tion of Freud and Saadi Nazin (1020) that the mtriduo lenal 
injection of dilute hydrochloric acid provoked both a flow of 
pancreatic juice and a diminution of blood sugar the latter was 
attributed by Zunr and La Barretoahvperinsulinaemia (1028) La 
Barre has succeeded in separating the agent producing the hypo 
glycaemia from secretin of the duodenal mucosa by two methods 
ether extraction (it passes into solution) and peptic digestion (it is 
scarcely affected by pepsin) He terms it i ncretin Wide in normal 
animals it appears to net by stimulating insulin output it is also 
hypoglycaemic in action when injected intravenously or fed to the 
completely dejiancreotized dog and such animals ha\e been kept, 
nine for some months by this treatment 

While there are distinct differences in the reports by the Canadian 
and Belgian physiologists it seems very probable that they are 
dealing with the same substance 
Villtkintn is said to be an endocrine excitant for the intestinal 
•villi (24) 

The Haematopoietic Principle The work of Minot and 
Murphy, Castle, and others has proved that pernicious anaemia 
is a deficiency disease Castle postulated an intrinsic factor 
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from the gastric mucosa, and an extrinsic factor from the diet, 
which interacted during gastric digestion to give the active 
haematopoietic principle (cf 4 a) It is still uncertain whether 
the haematopoietic principle should be considered as endocrine 
in character, though reaching its site of action bj the unusual 
route of the gastric secretion and absorption and passage to 
the liver, where, possiblj, it undergoes some change before 
storage and subsequent transfer to the bone marrow for 
functional use 

Dakin and West (7) have obtained and examined a \erv pure 
and potent liver extract It is slightly and slowly digested b> 
pepsin more completely by erepsm They believe it to be an 
anhydride type of glucosamine peptide It contains lysine, 
arginine, gly cine, leucine, h> droxyproline, and aspartic acid 
radicals, no phosphorus and no sulphur 

Other Suggested Hormones 

Haberlandt s “ Heart hormone Haberlandt has published 
numerous papers (10) jn which he claims that a specific heart 
hormone exists which will stimulate the non beating (frogs) 
heart to movement Oppenlieimer (33) finds that the active 
substance in such experiments is not specific 

A Blood pressure Depressant \anous groups of workers have 
prepared extracts from the pancreas which are stated to be free 
from insulin and to have a definite effect on the circulation lowering 
the blood pressure Beneficial results have been claimed from the 
use of such extracts in cases of hypertension 
It would seem probable that the same substance is responsible 
for these effects, although neither its specificity nor its endocrine 
nature can be regarded as established Gley and Kisthimos made 
an acidified alcoholic extract and termed it angioryl (C 13) Kraut 
and Frey s extract is termed bj them kalltkretn (2G) while Santcnoise 
has termed his preparation lagolomne (30 12) , the term padutxn 
is also used for this substance Carotidin from the carotid grand 
may be similar (5) According to Bischoff and Elliott (4) halhkrein 
is of colloidal protein nature and somewhat unstable Thej consider 
that its physiological significance is questionable 

Renin Vasopressor extracts of the cortex of the kidney were 
first prepared by Tigerstedt and Bergimnn in 1898 and the active 
constituent termed by them remit Some evidence has been adduced 
that the ischaemic hidnej secretes this compound directly into the 
circulation to produce a permanent hypertension, independent of 
adrenal action The literature has been renewed by Fasciola, 
Houssay and Taquim (10), and b\ Helmer and Page (10) The 
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latter have obtained a very active preparation from pig kitlncv 
cortex After initial acetone extraction, the residue is trented with 
2 per cent sodium chloride solution, the renin dissolving After 
further treatment they have obtained material which, injected in 
dosage of 0 027 mg nitrogen (of the substance) per kg , raises 
the blood pressure of dogs 30 mm (mercury ), and is three times as 
octne in cats It contains guanidine and pentose groups, adrenaline 
is absent, and the pressor effect is not alwlished by ergotamine, as is 
that of adrenaline 

It js as yet doubtful whether this substance should be regarded 
ns a hormone Munoz (31 a) has put forward evidence that it is to 
lie regarded as an enzyme He finds that blood from an animal 
whose blood pressure has been increased by compression of the renal 
artery, or injection of venous blood from the kidney, contains a 
pressor substance “ hypertensin ” which is not precipitated by 
addition of three \olumcs of acetone to this blood serum, is insoluble 
in ether but soluble in glacial acetic acid, and is only destroyed by 
boiling for three hours in normal hydrochloric acid The some 
substance is formed by incubating renin with blood serum or its 
pseudo globulin fraction for fifteen minutes at 37° C , and differs 
from adrenaline, tyrnmine, and pitressin He thinks that renin js a 
proteolytic enzyme of papain, type, which liberates Uvpertcnsid 
from a blood plasma protein belonging to the pseudo globulin 
fraction 

A Liver Detoxicant Claims have been made for a specific 
detoxicant in the liver, ynl nlon (37) 

"Plant Hormones ” Specific substances exist in plants with 
hormone like action, in that they are translocated from the cells 
which form them to other parts of the plant to produce their actions 
They control plnnt growth, and have been termed ** auxins ’ They 
arc probably of simple composition 
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Introduction 

Cashing lias written (H) ‘ Endocrinology lends itself to two 
glaring faults one the popularization of writing on the subject 
and the other a tendency of clinical obsen ers to draw upon 
th$jr fancy in a symptomatology which docs not lend itself to 
precision Nowhere is this statement more true thin in 
discussions of the actual and the far more numerous 1 magma 
tive, interrelationships between the endocrine glands 'Writers 
on the subject hn\c shown varying degrees of fertility m 
differentiations which frequently are at the scry least 
unnecessary A stcriht\ of ideas is probably safer in these 
considerations Accurate knowledge will depend ultimately on 
studies of the effects of administration of one or more pure 
endocrine compounds combined with the effects of surgical 
remoial of one or more endocrine glands without damage or 
with controlled damage to other structures 

In this volume certain intrinsic interrelationships base 
already been discussed In this chapter a 1 rief resumd of 
these will be given and some others will be dealt with at short 
length There will be no attempt at complete treatment 
These interrelationships must be carefuf/j differentiated 
from the simultaneous presence of two or more unrelated 
endocrine disorders in the same p itient the true pluriglandular 
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sj ndromes These are rare, and, when the) do occur, each 
disorder requires its own treatment But the importance of 
an accurate knowledge of interrelationships lies in the fact that 
such knowledge frequentl) permits recognition of the endocrine 
organ primaril) involved m disease, and such recognition 
permits accurate treatment, limited to that primary malfunction 
Other treatment of the secondar) disorders is usuall) w asteful, 
unnecessary, and unscientific 

Pituitary Interrelationships 

Tliesc are of outstanding importance While Cushing's 
dictum (II) that “ all pituitary syndromes are essentially 
polyglandular ” perhaps com eys too limited an impression 
of pituitar) activity, increasing knowledge suggests that the 
activities of all the other endocrine glands maj be governed 
by that of the pituitary, and mav also react upon it in their 
turn The present facts concerning these interrelationships 
have been given in Chapter Mil Evidence was presented 
there that the pituitary controls or helps to control, through 
secretion of its specific compounds the thyroid the ovaries 
and testes, the adrenal cortex the islets of Langerhans (by 
antagonism) and the parathyroids while still others of its 
principles exercise some degree of control ov er general grow th 
carbohydrate metabolism fat metabolism milk, secretion and 
maternal behaviour and the watershifts of the organism It 
will be suficient here to recall the most important features 
of the endocrine interrelationships 

The Anterior Pituitary and the Thyroid In Chapter VIII 
it has been shown that a specific compound so far termed the 
thijrotrophic hormone of the pituitar) , stimulates the thyroid to 
activ ity, and, pathologically to ov er activit) If, through 
an) cause, this principle is secreted in too great an amount, 
then hyperthyroidism is produced at least transiently, while 
m absence or msufficienc) of the principle hypothyroidism is a 
consequence 

The relationship between pituitar) and thyroid is not 
entirely one sided Thyroid extirpation in rabbits is followed 
by a definite enlargement of the pituitary which affects mainly 
the posterior and intermediate parts Certain histological 
changes including increase of colloid, have been noted 
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Some degree of pituitary hypertrophy has been observtd in 
thyroidectoinized Iambs There is no evidence of pituitary 
hv pcrfunetion m such experiments (14) Man and other 
animals with endemic goitre or cretinism lme enlarged 
pituitanes Marine has shown that changes m the pituitaries 
of rabbits in whom parenchy matous goitres have been produced 
by cabbage diet or by methyl cyanide are practicall} identical 
with tliose following thyroidectomy There is an increase in 
size of all glandular cells, and partial or complete disappearance 
of stainable granules in the acidophile cells These changes 
arc prevented by administration of thyroid or iodine to the 
goitrous rabbit and of thyroid but not iodine to the 
thy roidectomized rabbit so tint the effect on the pituitary 
must be due to lack of the thyroid hormone Marine considers 
that the thvroul hormone affects the pituitary ns strikinglv as 
the thyrotropluc hormone affects the thyroid ('ll) 

Wien thyroid is fed to normal rats the pituitaries become 
subnormal m weight There is said to be a slight increase 
in the percentage of basophde cells and a definite increase 
in their size and granular content accompanied bv a change 
in staining properties The changes nre most marked in 
animals in which suppression of the oestrous cvcle is most 
evident, suggesting a triangular complexity (j) 

It is very doubtful if obscrv ations of this nature are sufficient 
to justify certain differentiations such as Engelbach (14) for 
example has suggested " Interhormomc action exists between 
the thyroid and pituitary glands resulting in the clinical entities 
of their combined disorders thyropituitarism and pitmtaro 
thyroid ism 

\\ ith our present knowledge it seems safest to regard all 
cases in which both thyroid and pituitary arc involved as due 
primarily to pituitary insufficiency and as requiring pituitary 
replacement therapy, which must be bv injection of potent 
extracts of the correct hormone or hormones and not bv oral 
administration At best concomitant thyroid administration 
can onlv be considered justified when used to accelerate 
restoration of a subthyroid condition induced as u secondary 
Consequence of the pituitary disorder 

The Anterior Pituitary and the Gonads The r< lationsfiip 
has been discussed fully in Chapters \ II and \ III It will be 
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recalled that the gonadotrophic principles stimulate the ov anes 
to maturation and formation of corpora lutca, and the 
concomitant production of oestradiol and, in the male, 
stimulate the testes to mature growth, and elaboration of 
testosterone It has also been pointed out that excess 
production of the ovarian principle appears to depress the 
correspondmgpztuitary function and that this new is supported 
b\ such experiments as the injection of oestrone into immature 
male animals, when, presumably through depressed pituitary 
function, the male genitalia remain infantile 
The Anterior Pituitary and the Adrenal Cortex There is 
definite evidence that the adrenal cortex is directly under the 
control of the idrenotropluc principle of the pituitary (Chapter 
VIII) The close interrelationship is also exemplified b\ the 
almost complete identity of the syndromes associated with 
adrenal cortical tumours and pituitar\ basophilism (Chapters \ 
and VIII) 

The Anterior Pituitary and the Islets of Langerhans The 
relationship has been discussed m Chapter \ III (cf p 393) 

Adrenal Interrelationships 

The relation between the pituitary and adrenal cortex has 
been dealt with 

The Adrenal Cortex and the Gonads The depressed gonadal 
function m experimental adrenalectomy and in Addison s 
disease indicated that the adrenal cortex exercises some control 
o\er the gonads The \irihsm and hirsutism frequently 
accompanying functioning tumours of the adrenal cortex 
afford supporting evidence, although, as has been pointed out 
in Chapter V, conclusive evidence is still lacking that hyper 
gonadism or that precocious puberty can be induced by 
injections of cortical extracts into normal animals 

The Adrenal Cortex and the Islets of Langerhans Potential 
interrelationships hav e been discussed in Chapters \ and \ III 
The Adrenal Cortex and the Thyroid As lias been pointed 
out m Chapter II, it has been suggested that one potential 
cause of Graves’ disease lies in an initial disturbance of the 
adrenal cortex, presumably leading to decreased function In 
agreement with this theory Shapiro obtained moderately good 
results from administration of adrenal cortex to patients with 
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Groses disease while though the e\ idence is not quite definite 
use of potent adrenal cortical extracts lias app irentlv pros ed 
to be of benefit m some cases (cf Chapter \ ) Cortm lessens 
tl e elTect of thjTOXine on nitrogen metabolism 

The Adrenal Medulla and the Thyroid Thyroidectomy 
lessen the response of the cats denersated heart to adremne 
administration of thyroxine restores the normal respoi se 
whilst if sufT cient thyroxine is gi\ en to raise the basal metabolic 
rate above normal a still greater response is gi\ en to adremne 
It seems probable that the interrelationship indicated is not a 
direct one but that the effects found are due to an altered 
degree of sensitization of the structures on which adremne 
nets rather than to a changed output of the adrenal medulla 
The results support the use of thvroulcctoniv m treatment of 
the emburrassed heart as in nn 0 ina pectoris (cf p 85) because 
the diminution of response to % a nous stimuli necessitates the 
use of less oxygen and the heart muscle has a greater 
opportunity to reco\ er (80) 

Thyroid Interrelationships 

Thyroid relationships with the pituitary and the adrenal 
cortex hn\ e been dealt with 

The Thyroid and the Islets of Langcrhans Since glvcosuna 
is a not uncommon accompaniment of Inperthyroid sm the 
idea that there may be some association between the thyroid 
hormone and insulin naturally arises Many sugar tolerance 
cunes of patients in by perthyroid states are indistmgu shjjblc 
in tvpc from those of patients with mild diabetes Tet the 
decreased tolerance is almost certainly due to depletion of the 
In er glycogen reserve wl ich occurs in hyperth\ro dism and an 
apparent inability to form glycogen which is probably m 
actuality such an increased demand for glucose by the tissues 
that no great resets e of carbohy drate material can be built up 

Nevertheless John (23) who has studied the sugar tolerance 
of many hyperthyroid patients appears to be of the opinion 
that the lowered tolerance is pro\ oked by the hyperthyroid 
condition through the islet apparatus and that hyper 
thyroidism if prolonged ma\ lead to a true diabetes melhtus 
Such a combination is extremely rare (sec below) Hyper 
thyroidism cannot be definitely accepted with our present 
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knowledge as amongst the potential causes of diabetes melhtus 
although such a possibilit\ cannot be entirely excluded 

Although when the combination exists hvperthvroidism 
usually precedes diabetes Bru e er (3) has reported a case m 
which diabetes definite!} preceded the hvperthvroidism by 
three \ears the latter accentuated the diabetic condition to 
such an extent that a fasting blood sugar of 1 5 per cent was 
attained while very large doses of insulin were needed for 
control The simultaneous occurrence of spontaneous 
myxoedema and diabetes mellitus is sen rare Care} Are} 
and "Norris (C) list nineteen authentic eases 

The Thyroid and the Gonads \ arious phenomena indicate 
that a relationship of some kind exists between the thyroid 
and the organs of reproduction In women at pubertv during 
the menstrual periods and during pregnancy the thyroid 
becomes enlarged Thvroidcctomy in young animals results in 
some degree of sexual infantilism Mvxocdema is accompanied 
by depression of sexual function in both sexes (8") Menstrual 
disturbances are frequent accompaniments of thyroid disorders 
in women an uncontrolled rhythm is often recorded and seems 
especial)} characteristic (34) Administration of thyroid i» 
often beneficial in such cases with a low basal metabolic rate 
but no specific In pothvroid symptoms (ID) 

There is a little experimental eyidence Injections of 
oestrone into rats rabbits and dogs lead to changes in the 
thyroid m the nature of a colloid goitre or suggesting h}po 
function (2 2o) 

It is doubtful if tl e relationship can be regarded as a direct 
one The thvroid h} pertrophies in man} conditions where 
there is an increased demand for its hormone (cf p 9) Many 
of the other phenomena can be regarded as incidental dev clop 
ments follow ing cl anges in the degree of the thy roid control of 
general oxidativ e processes throughout the organism 


The Parathyroids and the Pancreas 
Pancreatectomy lowers the blood calcium and augments 
blood phosphate suggesting a depressed parathyroid function 
The result is not affected by subsequent hvpophvsectomy (18) 
Definite lesions of the parathyroids are produced (22) 


S’* DOC 
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Other Interrelationships 

l he control of general growth oflactat on and of fit metabolism 
by different compounds accreted by the anterior j Unitary has been 
referred to already Such control is probably direct and not 
through some other endocrine tissue so that it scarcely comes 
yvitlun the scope of this chapter 

It seems possible that relationships exist lietwcen certain endocrine 
compounds and some of the vitamins One such possibility a 
suggested control of the parathyroids by calciferol (vitamin D) has 
lieen discussed m Chapter II 

It has recently l>ccn suggested tliat there is a relationship tjetween 
chronic adrenal insufficiency and pellagra if this is correct it 
would follow that a deficiency of nicotinic acid is involved in the 
former condition (Yl) 

It mav well be of sigiuhcinoe that tlic two eldef storeliouses of 
ascorbic aci 1 (vitamin C) in the tissues arc the antenor pituitary 
and the adrenal cortex altl ough its presence m large amounts 
tn these tissues mvv merely indicate that it is requited for the 
formation of tliefr specific compounds by two glands which function 
at a very high level since this vitamin is i piwerful oxiditive 
catalyst 

There is some evilencc that the endocrine system jliys an 
important r61e in determining individual susceptibility to allergy 
phases (39) 


Pluriglandular Disorders 

An excellent example of the simultaneous occurrence of two 
unrelated endocrine disorders in the same individual is the 
combination of h> perthv roidism and diabetes meUitus The 
incidence of this condition has been studied bv W i Icier (4b) and 
by Joslin and Lahcy (24) 

"Wilder found 15 true diabetics amongst 2 840 cases of 
Graves’ disease and 23 amongst 1 131 cases of toxic adenoma 
Toshn and Lahey found only 7 > cases of the combination 
amongst 5 700 diabetics and 5 008 Iivperthyroid cases In the 
mayontt of cases the hyperthyroidism preceded the diabetes 
The possibility that diabetes can result from hyperthyroidism 
has already been discussed (p 416) Such possibility can only 
be admitted through an indirect action through the strain ot a 
constant hyperglycoeima upon the islets of Langcrhuns The 
incidence of the combination is scarcely more than might be 
expected lrom the laws of chance Foster and Lowne report 
on the study of 42 such cases in a recent paper (lb) 
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In rare instances li\ pothyroidism and diabetes mclhtus are 
associated (46, 34) 

Rowe and Lawrence (35) published in 1928 a pleasingly 
critical account of pluriglandular syndromes Among many 
hundreds of patients exhibiting endocrine disorders the\ found 
only twenty two in whom they considered that two unrelated 
endocrine glands were m\ol\ed Since of these eighteen 
exhibited a Junctional error in one gland, with results from 
surgical interference with another while all of the remaining 
four exhibited a combined pituitary thvroid dysfunction, m 
which in light of present knowledge, interrelationship cannot be 
considered as excluded their results illustrate the great rarity 
of true pluriglandular conditions 

Rowe has summed up the matter still more recently (34) 

“ The so called ‘ pluriglandular group is made up almost 
without exception of cases m which surgical inters ention m one 
endocrine gland is superimposed upon functional aberration in 
another In a series of o\er 5 000 cases the writer has seen 
but two or three in which there has been apparenth a coexistent 
priman disturbance in more than one endocrine gland 

Antihormones 

A Presumptive Anh thyroid Compound Earl\ therapeutic 
treatment of by perthvroid conditions included use of the serum 
of thyroidectomized animals buch preparations as ‘ anti 
thyreoidin Mobius ’ had a long \oguc but ultimately more 
critical appraisal led to disuse (cf 15) More recenth Blum 
prepared % concent rate “ Katechin ’ from dried blood behei ed 
to contam an anti thsroid compound and sold under the name 
of “T\ronorn\an * Good results ha\e been claimed for it in 
treatment of Graces’ disease (20, 4) though its \alue is 
doubtful (48) 

An Anfi ihyrotrophic Compound Soon after the discos ery 
that certain pituitan extracts possess thvrotrophic actnity, it 
was obser\ ed that chrome treatment w ith such extracts rapidly 
ceases to affect the thvroid (cf , eg, 27, 28, 43) suggesting that 
some protects e action gradually set up an immunity (cf 17,41) 
Detailed studies of the phenomenon were made b% Colhp and 
Anderson (9), who showed that chrome treatment of normal or 
hvpophs scctonnzed rats or guinea pigs with a purified thyro- 
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trophic preparation produced an initial rise in basal metabolism, 
which after two or three weeks fell to normal and then to levels 
much below normal further treatment even with larger doses 
then produced no apparent effect though the thyroids of such 
animals were still hyperplastic while the nmmds themsch es 
still responded to thyroxine 

Chronic injection of a mare with an active thv rotroplnc 
prep irat ion yielded a serum with anti iliy rotroplnc potenev 
which definitelv inhibited the action of the tin rotroplnc 
preparation on normal or hy pophysectomi/c’d rats 
Anti gona lolrophtc Coin j maids Collip and his co workers 
showed that chrome overdosage with the follicle stimulating 
hormone of the pituitary < r with APL of pregnanev urine 
similarly led to production of anti compounds (86 7) 

Present T icws on the Nature of the lnlihorinonrs Numerous 
investigators suggested that the anti reactions set up were 
really of immunological type (cf eg 13 2 1 ) 88 42) Inmost 
of the experiments such a possibility obviously exists since 
protem preparations from animals of one species produced the 
effect following injection into animals of a different species 
Marrnn and Butler (32) reviewing the subject in 1037 
stated that in their opinion the direct and positive evidence 
bearing on the potential physiological significance of anti 
hormones could be summarized as follows 

Supporting the v lew that antihormone formation is a normal 
physiological function resulting in a delicate balance between 
a hormone and its antihormone (as suggested originally by 
Collip) are two cardinal observations (a) rats dev elop immunity 
to the gonadotrophic effect of rat pituitary implants (") and 
(ii) an immune serum may be developed in sheep by the 
injection of sheep pituitary gonadotrophic preparations (8) 
Supporting the view that nntihormones are antibodies formed 
m response to administration of foreign protein are also two 
cardinal observations («) the power of beef pituitary thyro 
trophic extracts to induce antihormone formation in the 
guinea pig depends on the method of their preparation (45) 
and (b) inactivated human pregnancy urmt gonadotrophic 
preparation (A P L) is as effective in inducing antihormone 
.formation as are active prepar itions (42) 

Marrian and Butler concluded that the evidence indicated 
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that the antihormone formation to pituitan gonadotrophic 
stimulation -was a physiological response while the anti 
thvrotrophic hormone and the anti compound to A P L were 
merel\ antigens 

Since they w rote the e\ idence in fa\ our of the antiboch \ lew 
seems to hay e become stronger For example Spence Scow en 
and Rowlands (40) could demonstrate no antihormone forma 
tion in blood serum of a patient given pituitary gonadotrophic 
preparations for several months Thompson treated two ewes 
with an alkaline extract of whole sheep pituitan dad\ for six 
months and could discos er no anti gonadotrophic substance 
in tlieir 'era (4~ cf 2G) Katzman (cf \~) m confirmation 
of earlier work of Smith in 1930 could find no e\ idence that 
rats dev elop an immunity to the gomdotrophic effect of 
rat pituitary implants 

\et \nderson and Evans (1) found that injection of rat 
pituitan extract into rats led to production of an anti 
thyrotropluc substance in their scrum though tutting (12) 
found that the freshness of the glands determined whether 
or not an anti effect de\ eloped 

It must not be forgotten in considering this problem that 
it is quite likely that the majority of pituitary preparations used 
in all experimental work at present are artefacts (cf p JJS) 
containing proteins which are potent as hormones but altered 
from those actually formed In the pituitan and therefore 
through this alteration potentially foreign proteins capable of 
eliciting antigen formation It must also be remembered even 
if antihomiones are merely antibodies whose formation is clue 
to foreign proteins that their effects must still be considered 
in interpretation of all experimental work in which their 
formation is possible 

A reyieyy of the subject by Colhp Thomson and Seise 
which has just appeared (10) concludes with the statement 
that it is not yet possible to sa\ whether these antihormones 
are or are not antibodies 

General Considerations 

The interrelationships revealed by experiment and by 
disease both between two or more of the endocrine glands 
and between such glands and non endocrine tissues illustrate 
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not only the many repercussions which malfunction of one 
gland can set up throughout the organism but also how, 
during normal existence, there must be vast interlocking of 
functional action of the numerous compounds winch these 
endocrine glands secrete 

Of them all the pituitary can he regarded as of prime 
importance Through someone or other of the several hormones 
it secretes it controls (i) the thvroid and thereby the oxidative 
processes throughout the organism (:i) the mlrcnal cortex, 
and thereby , m some still undetermined fashion normal muscle 
contractilitv and the degree of dilution of the blood and its 
concentration of electrolytes especi illy sodium and chlorine 
(in) the gradual development of the gonads and when these 
arc sufficiently matured to secrete enough of their own specific 
compounds, through them the development of the secondary 
sc\ organs and secondary sex characters (iv) carbohydrate 
metabolism acting as an antagonist to insulin , (\ ) lactation 
and maternal behaviour, (vi) general growth of all tissues, 
(x it) fat metabolism, and (vin) the water exchanges of the 
body , even this list is incomplete 

Thus it is easy to imagine not only the many cfTccts which 
mnrhed abnormality of pituitary functions cun cause but 
also how even slight pituitary changes within normal range of 
vnrntion can be reflected in so many wavs as to result in 
marked variations in the physiological behaviour of the 
organism 

The imagination may he tempted bv such fjets to belief that 
racial differences and even dillercnces of personality may be 
traceable to endocrine variations within physiological bounds 
Such fancies can be carried too far the present state of our 
knowledge does not now justify them As this knowledge 
extends however, we shall be justified in careful examination 
even of these fanciful possibilities and may perhaps find some 
trace although probably not more than a trace of truth m 
them Hoskins (21) Ins presented a conservative statement 
of possibilities in this direction 
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tolerance' teat I "8 
toxic reactions to 142 
use of in nou dl i bet it conditions, 
I'D 

lnsulinoidi 162 
Insulmotrophic pniniph 408 
Insulins vntli delayed action 156 
Intarvin, 16.9 
Intermedin, 340 
Internal sedition* 1 
Interrenal lodt 188 2(>4 
Interrenalln 2o»i 
Interrenotrophlc principle 3 U 
Intersemabty 291 
Interstitial cells of testis 2*1 
Inverse response principle of 3 
Iodme, administration of in Craves 
disease 73-81 
and g>tre 4 > «/se7 
Basedow S’ 71 
compounds of till tlivroid 
14 19 

correct d os ige of 65 
distnb iti in of in nature 10-14 
In the lh>rmd 14 
in blood 8() 81 

Ingest ion of potential danger from 
55 

metalx 1 sm of 0 
proj hylactu. admiuutnitioii of 
44-4" 61-55 


tolerance test 80 

Iodo-protems synthetic and tlivroid 
aetintv !9 

lodothyroglobutiu 15 18 2J 
Irradiated ergosterol and tetnm 
122 


Islets of Lan^crhans 136 138 
and pituitary interrelationship 
of 146 41i 

and thyroid interrelations!! ps 


416 

diseases associated with 
terminology of 140 
hyperplasia of 174 
tumours of 171 
Isoandrosteron# 217 



1XDEX 


429 


Kallikrem, 400 
Katechin, 419 
Ketogeme hormone, 315 


Lactogenic hormone, 388 
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Pitreisio, 334 

Pltuitary-adrenal-pancreas control of 
metabolism 333 

Pituitary, anterior, aeidophile celta of, 
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diseases associated with 136 
333 

hyperf miction of 338 
relationship with fat metabolism 
34 f 

Pituitary principle from urine 202 
Pituitrm 284, 333 537 339 
Placenta, hormones of 269 rf ten, 
283 

Placental tissue A P Las hormone of 
-89 

Plant hormonts 410 
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Testicles, undescended, A P L 
treatment of, 318 
Testicular therapy, 314 
Testosterone, 2b4, 292 
Tetany, 100 105 
Theeltn, 2o9, 268 
See also Oeatrone 
Theelol, 259 268 
See also Oestnol 
Therapy, 2 

adrenal cortical, in Addison a 
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